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ABSTRACT 
High-velocity, low-amplitude (HVLA) manipulations are complex psychomotor skills, 
perceived to be the foundation of chiropractic techniques. Learning to master these 
complex skills have been proven to be challenging. A common downfall for novice 
manipulators is that they struggle to achieve the adequate velocity and force that is 
expected of them for a spinal manipulation. The ultimate goal is to develop the skills 
to perform manipulations on a diverse population, in variable conditions and with the 
ability to adapt the manipulation according to the unique needs of each patient. 
Numerous studies have been performed that investigate alternative methods for 
improving spinal manipulation learning other than the traditional method of mimicking 
the skills shown by a chiropractic lecturer and practising these skills on peers. A review 
performed in 2016 reported the best evidence synthesis of teaching spinal 
manipulations to chiropractic students. With the continued development of technology, 
multiple studies have since emerged to add to the enhancement of learning spinal 
manipulation skills. 
 
This systematic review aimed to assess the latest literature provided for improving 
spinal manipulation skills of chiropractors and chiropractic students. 
 
This systematic review was based on available electronical articles and journals 
investigating the latest literature of methods used to improve spinal manipulation skills, 
which was published between June 2015 and August 2020. The electronic databases 
search yielded a total of 786 studies. After studies underwent an extensive two-phase 
screening process, which included selection criteria and risk of bias and 
methodological quality assessments with Joanna Briggs Institute (JBI) Critical 
Appraisal Checklists and Cochrane Collaboration’s Risk of Bias Tools, 14 critically 
appraised studies were used in the final review. There was no literature excluded due 
to “high risk” of bias. 
 
There is a strong body of literature to show for the use of augmented feedback devices 
in improving spinal manipulation performance. Thus, it is suggested that the use of 
augmented feedback devices, such as human analogue mannequins with force 
sensing table technology, and computer-connected devices is beneficial to be 
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included in the chiropractic curricula as standard training devices, to facilitate students 
with learning and to improve their spinal manipulation performance.  
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CHAPTER ONE: INTRODUCTION 
1.1 Problem Statement 
High-velocity, low-amplitude (HVLA) manipulations are complex psychomotor skills, 
recognised as the bases of the chiropractic profession. Despite the vast scope of 
modalities utilised by chiropractors, spinal manipulation is the most commonly used 
therapy (Marchand, Mendoza, Dugas, Descarreaux and Pagé, 2017). 
 
Spinal manipulation skills are conventionally taught at chiropractic colleges, via 
observational practices; observing a qualified doctor perform the spinal manipulation 
and by hands-on-practice on peers (Wulf, Shea and Lewthwaite, 2010). Learning to 
master these complex skills have been proven to be challenging. A common downfall 
for novice manipulators is that they struggle to achieve the adequate velocity and force 
that is expected of them for a spinal manipulation. The goal for chiropractors is to 
develop the skills to perform spinal manipulations on a diverse population, in variable 
conditions and with the ability to adapt the manipulation according to the unique needs 
of each patient (Triano, Bougie, Rogers, Scaringe, Sorrels, Skogsbergh and Mior, 
2004). 
 
The literature on learning motor and bimanual coordination suggests that complex 
skills require rehearsal and experience (Owens, Hosek, Sullivan, Russell, Mullin, and 
Dever, 2016; Triano et al., 2004; Aure, Nilsen and Vasseljen, 2003 and Rose and 
Christina, 1997). Clinical proficiency has various levels, it ranges from minimum 
requirement, which is ‘safe’, to ‘functionally adequate’ and lastly ‘mastering a skill’ 
(Triano et al., 2004). Spinal manipulations have proven to be challenging for 
chiropractic students due to the limited rehearsal time attributed to these skills and 
insufficient reinforcement to condition these skills, due to the risk of injuries to patient 
simulations if spinal manipulations are repeatedly performed (Owens et al., 2016). 
 
Cohen, Triano, McGregor and Papakyriakou (1995) performed a study that 
experienced practitioners are unable to transfer their skills to inexperienced operators. 
A common downfall for chiropractic students or inexperienced operators is to achieve 
the adequate velocity and force required for a well-executed spinal manipulation. It is 
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known that experience and repetition of a particular skill, will result in a better clinical 
outcome (Bosse, Mohr, Buss, Krautter, Weyrich, Herzog, Jünger and Nikendei, 2015). 
However, limited time is available for these skills to be taught in a class setting. It is 
therefore vital to investigate methods for students to condition themselves and 
improve their spinal manipulation skills.  
 
Numerous studies have been performed that investigate alternative methods for 
improving spinal manipulation learning other than the traditional method of mimicking 
the skills shown by a chiropractic lecturer and practising these skills on peers 
(Marchand et al., 2017; Triano, Rogers, Combs, Potts, and Sorrels, 2002). A review 
performed in 2016 reported the best evidence synthesis of teaching spinal 
manipulations to chiropractic students (Stainsby, Clarke and Egonia, 2016). With the 
continued development of technology, multiple studies have since emerged to add to 
the enhancement of learning spinal manipulation skills. 
 
The Cochrane Collaboration Policy stipulates a systematic review should be updated 
after two years, or otherwise includes a commentary stating why it has not been 
updated (Higgins and Green, 2011). Better tools may have been designed, new 
outcomes measured or modern interventions reported. This policy ensures that the 
latest literature is used and could lead to the potential of new developments arising in 
the subject under review.  
 
1.2 Aim of the Study 
This systematic review aimed to assess the latest literature provided for improving 
spinal manipulation skills of chiropractors and chiropractic students. 
 
1.3 Outcome of the Study 
The outcome of this study identified evidence-based methods for chiropractors and/or 
chiropractic students to improve their spinal manipulations. These methods could be 
incorporated into chiropractic curriculums in universities and colleges, and thereby 
enhance and standardise chiropractic education. In addition, the study could provide 
methods to improve spinal manipulation performance, allow chiropractors and 
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students to provide safer and more effective treatment for their patients and reduce 
the risk of injuries to themselves. 
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CHAPTER TWO – LITERATURE REVIEW 
2.1 Introduction 
Chiropractic is ranked one of the most popular alternative health care professions for 
treatment of musculoskeletal conditions, especially back and neck ache (Wolsko, 
Eisenberg, Davis, Kessler and Phillips, 2003). Despite the vast scope of modalities 
utilised by chiropractors, spinal manipulation is the most commonly used therapy 
(Marchand et al., 2017). 
 
Spinal manipulation is an intervention used by chiropractors to treat spinal pain 
(Bergmann and Peterson, 2011). Viewing spinal manipulation from a motor-learning 
perspective, it is a challenging bimanual task that requires coordination and should be 
performed with confidence (Knobe, Holschen, Mooij, Sellei, Münker, Antony and 
Pape, 2012). Quantifying the parameters of a spinal manipulation has recently been 
the topic of many studies and these parameters include; pre-load force, peak force 
and time-to-peak force. Herzog, Kats and Symons (2002) state that it is essential to 
understand the kinematics of a spinal manipulation and the methods of altering these 
factors in order to execute an HVLA spinal manipulation skilfully.  
 
Spinal manipulation skills are conventionally taught, at chiropractic colleges, via 
observational practices; observing a qualified doctor perform the spinal manipulation 
and by hands-on-practice on peers (Wulf et al., 2010). These skills are gradually 
acquired throughout the curriculum, and various training devices have been developed 
to assist the learning process (Stainsby et al., 2016). 
 
Numerous studies have been performed that investigate alternative methods for 
improving spinal manipulation learning (Marchand et al., 2017; Owens et al., 2016). 
However, the last systematic review of literature was done in 2016 (Stainsby et al., 
2016) and since then a review of recent literature studies after 2015 has not been 
done. 
 
A variety of colleges have recently integrated motor-learning principles in their 
teaching approach (Owens, Russell, Hosek, Sullivan, Dever and Mullin, 2017). They 
reason that in combination with observational practices, this method has a significant 
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contribution to the learning of spinal manipulation skills. Lardon, Pasquier, Audo, 
Barbier-Cazorla and Descarreaux (2019) and Triano, Gissler, Forgie and Milwid 
(2011) confirm this statement as they recognise the value of combining theory, 
practical motor-learning exercises and real-time feedback in the development and 
education of spinal manipulation skills. 
 
2.2 Spinal Manipulation 
2.2.1 Definition 
World Health Organisation (2005) defines spinal manipulation therapy as a hands-on 
procedure or use of a mechanical device to influence a patient's health through 
mobilisation, manipulation, traction, massage or stimulation. The thrust applied to the 
joint results in movement of that joint past the physiological range of motion staying 
within the boundaries of the anatomical limit.  
 
Similarly, Bergmann and Peterson (2011) define a spinal manipulation as manual 
therapy, characterised as high-velocity low amplitude thrusts directed in a controlled 
direction to a joint. The technique can either be a long or short lever dynamic thrust. 
The contact point of a spinal manipulation is usually near the joint being treated, and 
the thrust does not exceed the anatomic integrity of the joint. 
 
An audible articular ‘crack’ is commonly heard when a spinal manipulation is 
performed; however, the absence or presence of joint cracking should not attest for 
the quality of the treatment (Bergmann and Peterson, 2011). 
 
2.2.2 Nature of spinal manipulation  
Sandoz (1976) quantification of the range of motion (ROM) of diarthrodial joints was 
seminal to open up the platform for research on spinal manipulations. He published 
an article containing a figure known as Sandoz model, which describes the nature of 
a joint during a spinal manipulation. This model has since been reviewed by 
biomechanics experts in light of a new term 'neutral zone' that was not recognised in 
the original model (Vernon and Mrozek, 2005). The modified version of Sandoz’s 
model has several zones, as seen in Figure 2.1 and Figure 2.2. 
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Figure 2. 1 Modified Sandoz model (Evans and Breen, 2006) 
 
 
Figure 2. 2 Range of motion zones (Slosberg, 2010). 
 
The ‘neutral zone’ defined by Kolber and Beekhuizen (2007) is the ROM around the 
spine's neutral position. Normal movement and deformation occur in this zone, tissues 
are under no actual stress, and osteo-ligamentous structures offer minimal resistance. 
The zone is located near the mid-position of a joint, within the ROM (Vernon and 
Mrozek, 2005) and is essential for the protection of the spinal joints’ integrity. Vernon 
and Mrozek (2005) warn that an expansion of the 'neutral zone' boundaries can occur 
with injuries, degenerative changes, weakness of stabilising muscles or loss of 
passive resistance. The importance of the 'neutral zone' is highlighted by Evans and 
Breen (2006), who reason that an optimal pre-thrust position is required to allow 
maximum thrust force to travel via a path of least resistance towards the target joint 




The 'elastic zone', also known as the 'para-physiological space', extends beyond the 
'neutral zone', over-stepping the 'physiological barrier' (Vernon and Mrozek, 2005). 
There is increased physiological stress on the tissues. However, these stresses are 
not sufficient to cause injuries or disruptions within the joint and surrounding 
structures. There is a gradual increase in the internal resistance as the physiological 
stress of a joint increases due to the strain placed on the molecular bonds within the 
connective tissue matrix. These bonds have the ability to accommodate the 
deformation and movement that occurs within the joint (Braddom, 1996).  
 
Taylor (2011) states that a spinal manipulation reverses pathological processes by 
restoring normal joint function. According to Cramer, Ross, Pocius, Cantu, Laptook, 
Fergus, Gregerson, Selby, and Raju (2011), this is achieved by facet joint gapping that 
occurs during a spinal manipulation. Joint gapping leads to zygapophyseal joint 
separation, which is thought to disrupt the connective tissue adhesions and activate 
afferent nerve endings innervating the joint capsule and small spinal muscles. This 
often elicits an audible articular crack known as a cavitation (Herzog, 2010). 
 
The supporting structures surrounding the joints protect it from potential injuries. 
These structures; ligaments, joint capsule, intervertebral disc and musculature have 
been referred to as ‘physiological barriers’ (Braddom, 1996). If the forces applied to 
the joints are greater than the molecular bonds within these ‘physiological barriers’, 
the joint will extend beyond the ‘anatomic barrier’ and the normal ROM entering into 
the ‘plastic zone’, where molecular bond disruption and injuries occur. The degree of 
joint separation determines the severity of injuries and disruptions (Bergmann and 
Peterson, 2010). 
 
2.2.3 Parameters of a spinal manipulation 
Spinal manipulations vary widely from chiropractor to chiropractor, yet the 
characteristics remain constant (Herzog, 2010). The HVLA spinal manipulation can be 
broken down into several biomechanical parameters, which makes the analysis 
thereof achievable. The forces involved in a spinal manipulation are recognised as: 
pre-load force; peak force and time-to-peak force, and are proven to be vital for the 
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skilful execution of an HVLA spinal manipulation (Herzog et al., 2002). The complex 
movement occurs in three phases known as; pre-load phase; thrust phase and 
resolution or afterload phase. Herzog (2010) states that experienced chiropractors 
have the ability to control the forces produced within each phase of the manipulation 
and modify those force according to the area of the spine being treated. 
 
The parameters for a perpendicular spinal manipulation are typically demonstrated in 
a force-time profile, which displays the force magnitude in the Y-axis and the time in 
the X-axis (Figure 2.3). Downie, Vemulpad and Bull (2010) exhibit a more detailed 
illustration of the force-profiles (Figure 2.4). Their illustration incorporates four phases, 
adding an extra phase known as the run-up, dip, recoil or force initiation phase.  
 
 
Figure 2. 3 A basic force magnitude over time illustration of a spinal 
manipulation (Herzog, 2010). 
 
1. Pre-load 
2. Run-up, Dip, Recoil or Force 
initiation 
3. Thrust speed or Load rate 
4. Peak force 




Figure 2. 4 HVLA force-time profile (Downie et al., 2010). 
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a) Pre-load Phase 
Pre-load is described as a gradual force, otherwise known as pre-tension applied to 
the overlying soft tissue of a vertebral segment prior to thrust. The purpose of this 
phase is to reduce the tension within the joint and compress the adjacent soft tissue 
until the joint is locked and enters the 'paraphysiological space'. Pre-load minimises 
the displacement of the vertebral segment, facilitates localisation of the manipulation 
and increases patient comfort (Downie et al., 2010). Evans and Breen (2006) believe 
that tension applied to a joint in the neutral zone during pre-load is countered by 
minimal resistance from anatomical structures. Therefore, achieving optimal pre-load 
force and subsequently greater force during the thrust phase. Cao, Reed, Long, 
Kawchuk, and Pickar (2013) state that in the absence of pre-load, skin slack between 
the fascia and skin will reduce the force transmitted to a joint and adjacent deep soft 
tissue.  
 
b) Downward incisural point (DIP) 
The ‘downward incisural point' (DIP) is described as a slight reduction in pre-load force 
applied moments before a thrust, also termed the ‘run-up’ in a teaching environment 
(Downie et al., 2010). A high DIP value indicates that a large amount of joint tension 
was released prior to the thrust. This value is used as a predictor of experience, a low 
to zero value on DIP is desirable as this indicates tissue slack under the contact point 
is maintained, and the pre-load has not gone to waste (Descarreaux, Dugas, Lalanne, 
Vincelette and Normand (2006).  
 
c) Thrust speed/ Load rate 
The thrust speed is the velocity at which the spinal manipulation is performed, 
measured from the DIP to the highest point of the curve at the maximum peak force 
(Bergmann and Peterson, 2010). 
 
d) Thrust Phase 
The thrust phase is described as the phase in which peak force is achieved. The peak 
force is the largest amount of overall force applied to the joint. A strong correlation 
exists between pre-load and peak force during a spinal manipulation. (Preload force: 
Max force = 1:2.5) (Downie et al., 2010). 
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The time-to-peak force is determined within this phase. Time-to-peak force, also 
expressed as thrust duration, is the time that it takes for a thrust to be delivered, 
measured from the DIP to the highest point of the curve at the maximum peak force 
(Bergmann and Peterson, 2010). 
 
e) Resolution Phase 
The resolution phase is the final phase of a spinal manipulation, which occurs as the 
joint tension is unloaded and after a thrust has been performed (Bergmann and 
Peterson, 2010). 
 
2.2.4 Quantifying an HVLA spinal manipulation 
A successful spinal manipulation requires a precise force magnitude, rate of force and 
controlled direction of force targeted to a localised joint (Bergmann and Peterson, 
2011). Vernon and Mrozek (2005) are of the opinion that adequate velocity and 
amplitude during the thrust are essential to generate the necessary force required to 
push a joint beyond its physiological barrier of resistance into the anatomical limit of 
joint play. Several outcome-based studies have used augmented feedback devices or 
sensing pads to determine the characteristics of spinal manipulation (van Zoest and 
Gosselin, 2003; Herzog, 2010; Pickar and Bolton, 2012). These devices detect the 
magnitude and rate at which a force is delivered to a patient during a spinal 
manipulation (Pasquier, Cheron, Dugas, Lardon and Descarreaux, 2017). 
 
The quantification of forces applied during a spinal manipulation was first investigated 
by Adams and Wood (1984). They incorporated a force-sensing device into a 
mannequin to determine the parameters of an HVLA performed by chiropractors. 
Further studies by Hessel, Herzog, Conway and McEwen (1990) ascertained more 
accurate force-time values during an HVLA manipulation performed directly onto 
specific target sites of patients with the use of flexible pressure pads underneath the 
chiropractor’s hand as a measuring device. The work of Hessel et al. (1990) was 
followed by similar studies that focused on various aspects of quantifying the force-
time of spinal manipulations. 
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Downie et al. (2010) performed a systematic review, in which they grouped thoracic 
spinal manipulation studies according to similar variables (Table 2.1). This group of 
HVLA studies conducted between 1996-2003 were categorised firstly according to the 
two most common variables; the pre-load and the peak force. Secondly, divided 
according to the dimensions of the forces recorded; 1-dimensional (1-D) or 3-
dimensional (3-D). The 3-D studies have the additional shear force and torque 
readings, which are not present in the 1-D studies. Van Zoest and Gosselin (2003) are 
of the opinion that 3-D studies make a greater contribution to chiropractic research, 
due to a more detailed description of the biomechanical aspects of a spinal 
manipulation and state that the results are useful in the education and training of 
chiropractic techniques. Lastly, the results were classified according to the placement 
of the measuring device; direct placement strategy (the device is placed between the 
doctor and patient) or indirect placement strategy (the patient is between the device 
and the doctor’s contact).  
 
Inverse dynamics were utilised to quantify the forces measured with a sensor 
embedded within the treatment table (indirect placement strategy). Kirstukas and 
Backman (1999) discovered that the data recorded using the indirect placement 
strategy measured slightly smaller peak force and longer thrust duration for spinal 
manipulations of similar nature. They reason that the time difference is due to artefacts 
that dampen the oscillatory effects. Downie et al. (2010) concluded that direct 
placement strategies were superior in measuring the kinematics of a spinal 
manipulation for a localised joint, whereas 3-D data recording and inverse dynamic 
measurements are useful to determine the entire manipulation procedure.  
 
Table 2.1 Summary of force values and study methods for thoracic spinal 
manipulations by Downie et al. (2010). 
Author Mean pre-load force 
(N) 
Mean peak force (N) 1D / 3D Placement 
strategies 
Conway et al. 
(1993) 
145 400 1D Direct 





Whole area 310 
Targeted area 7.8  
Whole area 1044 
Targeted area 34.8  
1D Direct 
 
Van Zoest et al. 
(2003) 
227 561 3D Direct 








et al. (2005) 
2
nd
-year student 31 
5
th
-year student 44 
2
nd
-year student 570 
5
th
-year student 544 
1D Indirect 
Descarreaux 
et al. (2006) 
Student pre-train 59.2 
Student post-train 
176.7 





Pickar and Bolton (2012) reason that spinal manipulations parameters do not correlate 
between studies, it is therefore important that all aspects of the spinal manipulation 
are taken into consideration, such as contact surface, measuring device, technique 
and spinal region.  
 
Furthermore, Perle and Kawchuk (2005) state that there is a relationship between the 
hand shape, contact point, pressure distribution and magnitude of force produced 
during a spinal manipulation. This is evident in the Herzog (2010) study, which found 
an average peak force of 238.8N during prone thoracic spine manipulation over the 
entire contact area, yet only 5N was measured over a concentrated area, such as the 
transverse process (25mm
2
). It is argued that the force applied to a contact point is 
transmitted not only to the targeted area but also to adjacent soft tissues. Similar 
studies found that an average surface area of 870mm
2
 was covered during the peak 
thrust (Kirstukas and Backman, 1999), whereas van Zoest and Gosselin (2003) used 
a sensing puck with a contact base of 2600mm
2
 which suggests discrepancies in the 
contact area interface measurements. 
 
Another variable was investigated by Owens, (2017), who states the region of the 
spine being treated, cervical, thoracic, lumbar or sacroiliac spine region, has an effect 
on the force readings. Herzog, Kawchuk, Conway, Zhang and Hasler (1993), 
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measured the average peak force applied to the thoracic spine region as 400 to 630N, 
the sacroiliac region ranged between 220 to 500N average peak force and the cervical 
spine region’s peak force averaged 100N. Thrust duration times for the thoracic and 
sacroiliac spine region averaged 100 to 150ms, never to exceed 200ms and the 
cervical region an average of 100ms. The pre-load measurements obtained by Herzog 
et al. (1993), Kawchuk, Herzog and Hasler (1992), Kawchuk and Herzog (1993) were 
139N and 88N in the thoracic and sacroiliac spine region and 0 to 39.5N in the cervical 
spine region. 
 
Pickar and Bolton (2012) obtained measurements over six treatments. The results 
revealed an average for pre-load force in the thoracic spine region of 46N, achieved 
within 90 to 120ms (mean: 102ms) and a peak force of 99 to 140 N (mean: 118 N), 
with a time-to-peak force of 30 to 65ms (mean: 48ms). In the same study, one doctor 
performed an identical spinal manipulation on three different patients in the thoracic 
spine region and averaged a peak force of 399N in 150ms (Figure 2.5 and 2.6). It took 
twice as long for the force to return to pre-thrust levels during the resolution phase. 
The sacroiliac spine region measured average peak force of 328N and similar thrust 
and resolution duration as in the thoracic spine region. Herzog et al. (1993) observed 
higher values delivered to the lumbar spine region and found it took 200ms to reach 
peak force. Triano and Schultz (1997) and Suter (1994) measured peak forces that 
exceeded 400N for a thoracic spinal manipulation. Owens et al. (2016) analysed 891 
spinal manipulations and determined the peak load between different doctors ranged 
from 100 to 1400N and averaged a thrust rate if 3N/ms. 
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Figure 2. 5 Spinal manipulation kinematics in the various spinal regions 
(Pickar and Bolton, 2012). 
 
 
Figure 2. 6 Force time graphs during a spinal manipulation (Pickar and Bolton, 
2012). 
 
Due to the large number of variables, it is difficult to reach consistent results. However, 
the force parameters of all the studies are sufficiently described to be used for 
modelling a spinal manipulation. 
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2.3 The Training of Spinal Manipulation 
2.3.1 Introduction 
Spinal manipulation is taught as part of chiropractic training (Descarreaux, Dugas, 
2010). Chiropractic students are taught the core of spinal manipulation skills at their 
university (Descarreaux, Dugas, Raymond and Normand, 2005). The methods of 
training range from formalised curricula studied at chiropractic colleges and 
universities to weekend courses and individual demonstrations (Stainsby et al., 2016). 
An extensive amount of time is required for students to become proficient in performing 
these skills (Triano et al., 2004). 
 
There are two main learning problems associated with an HVLA spinal manipulation; 
improper pre-load maintained and inadequate peak force achieved (Enebo and 
Sherwood, 2005).  
 
Traditional methods of teaching spinal manipulations rely on the feedback provided by 
educators or peers. Enebo and Sherwood (2005) reason that students are often not 
aware of the errors in their skill and unknown error produces an illusion of success. 
Therefore, reinforces a bad habit by repeating the same procedure incorrectly without 
corrections. Stainsby et al. (2016) have investigated evidenced methods to improve 
learning and found that the combined method of imitating manipulations and the use 
of augmented feedback have facilitated the learning process. Descarreaux et al. 
(2006) give merit to augmented feedback devices or instrumented manikins used for 
training because they provide specific parameter feedback of skills performed, can be 
used for assessment of skills and allow repetitive training of manipulations without the 
risk of injury to peers when used for training. Downie et al. (2010) are of the opinion 
that augmented feedback data enhances psychomotor learning outcomes. Additional 
training methods have since emerged, using mechanical training aids such as 
instrumented manikins, ground force plates to measure weight distribution and force-
time detecting chiropractic tables (Triano, McGregor, Dinulos and Tran, 2014). The 
results from these studies prove to add to the credibility of augmented feedback 
devices used in improving spinal manipulations; Rogers and Triano (2003); Enebo and 
Sherwood (2005), Loranger, Treboz, Boucher, Nougarou, Dugas, and Descarreaux 
(2016) and Owens et al. (2017) all noted an increase in the magnitude of peak force, 
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reduced incisural period and greater consistency of thrust kinematics during spinal 
manipulations. 
 
Enebo and Sherwood (2005) state that even chiropractors with clinical experience 
showed variability in their thrust kinematics during spinal manipulation. Keeping this 
in mind, they proposed experience plays a role in the performance of spinal 
manipulation. Triano et al. (2002) found that students performing HVLA manipulations 
look similar in presentation, yet lack the same velocity and force values as their 
teachers and experienced practitioners. They reason that doctors and students’ 
performance can be improved by implementing training methods using feedback 
systems for spinal manipulation procedures (Triano et al., 2002). Cohen et al. (1995) 
demonstrated an experienced manipulator showed no difference in performance of an 
untrained manipulation than that of a novice manipulator. 
 
2.4 Feedback Systems 
Two feedback systems have been identified by Enebo and Sherwood (2005) to assist 
with spinal manipulation. Knowledge of performance feedback and quantitative visual 
feedback. A coach or educator provides the first qualitative feedback at the end of a 
movement, such as ‘maintain pre-load’ or ‘increase thrust speed’. This system 
facilitates the learning process, but it is not sufficient enough to provide precise 
knowledge of the results, which can be achieved with the use of augmented feedback 
device. Furthermore, knowledge of performance feedback with respect to student 
setup postures and positioning of patients have been proven to be less effective than 
rehearsal of the procedure on a simulated patient (Harvey, Wynd, Richardson, Dugas 
and Descarreaux, 2011) or instrumented mannequins (Descarreaux et al., 2006). 
Visual quantitative feedback of the spinal manipulation parameters during the training 
of these skills aids students to make rapid adaptations in their performance. These 
improvements are retained, although short term. 
 
Lesterz, Starmer, Barbaro and Fraser (2017) studied the effectiveness of a six-week 
speed-focused training program to improve prone thoracic spinal manipulations, they 
discovered a reduction in the time to reach peak force for the training group, and the 
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control group showed an increase in the time to reach peak force. The training group 
was an average of 16ms faster than the control group. 
 
It is difficult to make quantitative analysis between various studies determining the 
kinematics of HVLA spinal manipulation because there are no guidelines in place that 
standardises the methodologies and measuring devices used (Downie et al., 2010). 
There are, however, trends present within the data that indicate a relationship between 
the kinematics of an HVLA spinal manipulation. Downie et al. (2010) suggest that the 
method of recording spinal manipulations, and the study intervention plays a crucial 
role when analysing these complex skills. 
 
Various force-feedback devices have been developed for measuring spinal 
manipulation performance (Herzog et al., 1993; Kawchuk et al., 1993; Triano et al., 
1997; Kirstukas et al., 1999; van Zoest and Gosselin, 2002; Herzog et al., 2002; 
Descarreaux et al., 2005; Downie et al., 2010; Gudavalli, 2014; Gudavalli and Rowell, 
2014 and van Zoest, van den Berg and Holtkamp, 2003). 
 
The Life University in America has devoted a significant portion of their curriculum to 
developing spinal manipulation skills. Force-feedback devices are introduced at an 
early stage into their technique courses (Owens et al., 2017). 
 
Canadian Memorial Chiropractic College has also incorporated force-sensing table 
technology (FSTT) into their curriculum. Although the exact force parameters for an 
ideal spinal manipulation are not clear, they use 400 N, 600 N, and 800 N peak force 
targets in their curriculum. 
 
2.4.1 Mannequin with a force plate 
Owens et al. (2017) built a customised manipulation table with a force plate embedded 
(“Bertec model FP4550-08”) covering the lumbar section (Figure 2.7). Overlying the 
force plate is a mannequin made from a high-density foam covering a plastic spine 
and pelvis to simulate a human (Adjust-ease) (Figure 2.8). The spinal manipulation 
forces are transmitted through the mannequin and analysed by the force plate. The 
force plate allows for 3-Dimensional analysis of the forces, including vertical, left-right 
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and superior-inferior components. The height of the table is adjustable and is similar 
in design to a regular chiropractic table except for the removable sections to access 
the force plate. 
 
Figure 2. 7 Manipulation table with a force plate embedded (Owens et al., 
2016). 
 
Figure 2. 8 Mannequin (Owens et al., 2016). 
These force-feedback devices have been used in teaching seminars, and they have 
comparable skeletal landmarks which can be felt through the foam and a foam 
compliance of 0.028 cm/N. The mannequin is useful for technique training because it 
allows for multiple repetitions onto the same segment without risking injury in the 
patient (Owens et al., 2017). These devices are used for technique training in 
chiropractic colleges in the United States and Europe (Downie et al., 2010; Owens et 
al., 2017; Owens et al., 2016 and Lardon et al., 2019). 
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2.4.2 Human Analogue Mannequin with Force Sensing Table Technology 
Starmer, Guist, Tuff, Warren and Williams (2016) use a “Leander 900 Z Series” 
treatment table with an embedded “AMTI force plate (Advanced Mechanical 
Technology Inc)”. This device uses “Force Sensing Table Technology (FSTT)” to 
analyse peak force and thrust duration of spinal manipulations. The thrusts are 
performed onto a customised foam human analogue mannequin (HAM), which 
contains accurate skeletal landmarks and a soft tissue consistency of the foam. The 
FSTT has demonstrated excellent reliability and validity in previous studies (Rogers 
and Triano, 2003).  
 
Force feedback devices provide more specific and objective feedback than the verbal 
feedback provided by a chiropractor. However, the combination of verbal feedback 
with visual feedback provided by the force-feedback device has shown to be more 
effective in improving the motor skills of novice chiropractic students (Schmidt and 
Lee, 2005; Lardon et al., 2019; and Duquette, Starmer and Plener, 2020). The addition 
of mannequins to the force-sensing devices provides additional training components 
and more accurate simulation of the patients for the procedure (Stainsby et al., 2016). 
 
2.4.3 Electrogoniometer 
A 3-Dimensional electrogoniometer has been used to assess cervical manipulation 
kinematics such as the amplitude, velocity and acceleration during extension, lateral 
flexion and rotation movements (Van Geyt, Dugailly, Klein, Lepers, Beyer and Feipel, 
2017). A “6-degree of freedom instrumented spatial linkage (CA 6000 Spine Motion 
Analyser)” is mounted onto an adjustable helmet and a thoracic harness and fixed to 
the thoracic spinous process (Figure 2.9). The device shows strong reliability and 
accuracy for measuring cervical range of motion (Feipel, Rondelet, Le Pallec and 
Rooze, 1999).  
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Figure 2. 9 Electrogoniometer with subject in pre-manipulation position (Van 
Geyt et al., 2017). 
 
2.4.4 Computer Connected Device 
A computer-connected device has also been used to assess spinal manipulation 
performance (Loranger et al., 2016; Descarreaux, Dugas, Treboz, Cheron and 
Nougarou, 2015; Pasquier et al., 2017; Marchand et al., 2017; and Lardon, Cheron, 
Pagé, Dugas and Descarreaux, 2016). The device is designed to record the force-time 
profiles of prone thoracic spine manipulation (Figure 2.9). Hand placement on the 
device is indicated by a contact point connected with a spring to a strain gauge (“model 
UL 400”), which replicates the movement and resistance of a real spine. The applied 
vertical forces transmit through the strain gauge and appear live on a computer screen. 
The occurrence of a cavitation is simulated with a moveable portion (the contact point, 
the spring, and the strain gauge) set to drop a few adjustable millimetres once a 
threshold force parameterised on the computer is reached. The computer activates an 
electromagnet (model EM300-24-212) which attracts the lower component towards 
the upper component. Once the threshold is reached, the electromagnet deactivates 
and the lower piece of the device drops down. The device is connected to the 
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Figure 2. 10 Illustration of the computer-connected device in use (Descarreaux 
et al., 2015). 
 
2.5 Spinal Manipulation Performance Variability 
Spinal manipulation parameters such as preload, peak loads, and thrust duration are 
important performance factors (Owens et al., 2017). However, these parameters are 
influenced by a variety of variables. Expertise plays a significant role in the 
performance, more experienced manipulators achieve lower preload forces, higher 
peak forces and faster thrust rates (Loranger et al., 2016; Descarreaux et al., 2015; 
Shannon, Vining, Gudavalli, and Boesch, 2019; Lardon et al., 2016 and Pasquier et 
al., 2017). Owens et al. (2016) observed considerable variability in thrust forces 
production during a spinal manipulation, but a general consistent thrust duration of 3 
N per millisecond (N/ms) was observed. They also showed that more experienced 
chiropractors have the ability to control their force application. Likewise, Pasquier et 
al. (2017) found discrepancies in force parameters based on gender differences, the 
woman produced reduced forces, but was more consistent and accurate with their 
manipulations. The control of force parameters is argued to be essential to provide a 
patient and region-specific dosage of force for the optimum clinical effect (Triano et 
al., 2011). Therefore, Descarreaux et al. (2015) performed a study indicating that 
experienced chiropractors were able to adapt their thrust mechanics in order to 
compensate for increased task difficulty. Conversely, Triano et al. (2011) state that 
advanced components such as centre of gravity control, skill retention, and practical 
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application develop with regular practice and only reforms later within the first year of 
clinical practice. 
 
Directional control of spinal manipulations is also considered an essential factor 
(Bergmann et al., 2011). However, not much research has been done to investigate 
these factors. Limited evidence exist that support the appropriate dosage of force 
parameters as gold standard for specific conditions. 
 
Short term training programs have been shown to increase the force and speed of 
thrusts, but the retention of these skills is also of short duration (Lardon et al., 2016; 
Marchand et al., 2017; Pasquier et al., 2017; Descarreaux et al., 2015; Owens et al., 
2016; Loranger et al., 2016; and Triano, Giuliano, Kanga, Starmer, Brazeau, Screaton, 
and Semple, 2015). Long term training program has the same effect, but better 
retention of the skills was shown (Shannon et al., 2019; Lardon et al., 2019 and Owens 
et al., 2017). There has also been shown that the learning process occurs at various 
rates, Descarreaux et al. (2010) showed a more rapid improvement of force production 
is achieved than thrust duration, and automaticity only occurs after a prolonged 
duration. 
 
2.6 Psychomotor Technique Training 
A spinal manipulation is seen as a complex psychomotor skill (Downie et al., 2010). 
Hill, Fadel and Bialik (2018) define psychomotor skills as skills that require sequence 
coordination of several body parts simultaneously in a consecutive pattern. 
Psychomotor learning involves muscle activities that develop organised movement 
patterns by responding to external stimuli (Noble and Cratty, 2006). 
 
According to Hill et al. (2018) the human motor system is rarely able to perform a 
movement more than once in the exact same way and states that a skill is acquired 
when a consistent response pattern is formulated. Therefore, researchers study 
psychomotor learning with the use of augmented feedback devices or perpetual-motor 




Psychomotor training conventionally relied on the repetition of a physical task to form 
an automated response. This type of training is limited to automated responses and 
does not include high complex psychomotor skills, like spinal manipulations. Analyses 
of the characteristics of the movement permit an optimal pattern sequencing of 
muscles required for effective training (Clifford, 1985). 
 
Harvey et al. (2011) state that similarities exist between the training of psychomotor 
tasks of spinal manipulations and psychomotor skills of sport activities. 
 
Marchand et al. (2017) state that an increase in manipulation peak force consistency 
and accuracy occurs with as little as one practise and feedback session. Noble and 
Cratty (2006) state that repetition and practice together with feedback, is required for 
more effective psychomotor-skills training. They also found that speed and accuracy 
are rapidly acquired during the initial stages of reinforced practice, and the average 
rate of gain decreases as the training time increases. 
 
2.6.1 Speed drill technique training 
Psychomotor training targeted at chiropractors are areas often overlooked (Bruhl, 
1998). It is important for chiropractors to develop spinal manipulation skills, avoid 
injuries to their hands, forearms or shoulders, improve overall confidence in executing 
these skills and strengthening overused areas essential for sustaining a lifelong career 
(Lardon et al., 2019). A common setback chiropractic students experience during 
spinal manipulation is a lack of speed (Enebo and Sherwood, 2005). This can also 
occur in chiropractors recovering from an injury or experienced chiropractors learning 
new spinal manipulation techniques. Bruhl (1998) proposes that an effective way of 
training spinal manipulations is with elastic tube exercises, however this has not yet 
been proven. Lardon et al. (2019) determined that a physical training program in 
novice chiropractic students is beneficial during the learning process of spinal 
manipulations. 
 
Triano et al. (2012) states that several factors both intrinsic and extrinsic have an 
influence on learners’ ability to perform a spinal manipulation procedure. Intrinsic 
factors include the individual’s morphology, muscle strength, motor control and 
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understanding of the clinical relevance of the skill. Extrinsic factors entail the content 
of the curriculum, teaching strategies, structure of educational program. The type of 
coaching, feedback and the allocation of time for skill rehearsal leads to variances in 
teaching strategies. The characteristic learning curve of students enrolled in a four 
year chiropractic program follow a sigmoidal path with a slow initial learning period for 
the first two years, followed by an abrupt increase in progress during the third-year 
and a decreased rate of improvement observed in the final year (Descarreaux et al., 
2010; and Triano et al., 2011). Minimal research is available concerning the most 
effective mix of strategies for manual skills development. 
 
This is evident in the study by Triano et al. (2004), programs that invest more time in 
laboratory exercises compared to instructional theory, tend to yield sooner and greater 
change in learners’ performance. Harvey et al. (2011) also emphasizes that rehearsal 
of force delivery in a laboratory setting is more effective than being limited to only 
choreographing the body position and posture.  
 
2.7 Systematic Review  
A systematic review is designed to provide a comprehensive, unbiased synthesis of 
the best available literature in a single document using a pre-defined methodology and 
eligibility criteria (JBI, 2019). A systematic review aims to summarise all the available 
literature relating to a specific topic to answer a defined research question. A pre-
determined methodological process is used to ensure that the study can be replicated, 
are reliable and useful for the end-users. A high-quality systematic review follows an 
appraisal or critique process to assess the methodological quality and extent of bias 
in a particular study (JBI, 2019). 
 
Cochrane systematic review follows a general framework (Higgins and Green, 2011): 
1. Design of a review question and the inclusion criteria for the literature 
2. Develop search strategies 
3. Study selection and data collection 
4. Risk of bias assessment and quality of literature retrieved 
5. Data analysis and interpretation 
6. Addressing issues related to methodological bias of a study 
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7. Summarising the results in table format 
8. Discussion and conclusion 
 
2.8 Related Research 
The last systematic review of literature for evidence-based spinal manipulation 
teaching methods was done in 2016 by Stainsby et al. (2016) and since then no review 
of recent literature studies post 2015 has not been conducted. The results of the study 
indicated several effective methods of teaching spinal manipulations for chiropractic 
students exist. The authors identified five training devices used as teaching aids, which 
included non-instrumented Thrust in Motion cervical (TMC) manikin (Descarreaux et 
al., 2006), instrumented cardiopulmonary reanimation (CPR) manikin (Descarreaux et 
al., 2006), instrumented treatment table embedded with a force plate (Triano et al., 
2002; and Triano et al., 2003), Dynadjust instrument and a load cell attached to a 
padded contact (Triano et al., 2002; and Triano et al., 2003). These devices could be 
implemented into chiropractic college’s curriculum as teaching aids to maximise the 
acquisition, retention and performance, of spinal manipulation skills. The author 
suggests that there is a gap in the literature addressing the future effect of these 
methods on students once they are in clinical practice and whether will have a positive 




CHAPTER THREE – METHODOLOGY 
3.1 Research Design  
The study design was a systematic review that targeted studies available on electronic 
databases. This research only made use of a single data extraction process with a 
supervisor verifying the literature. 
 
3.1.1 Literature Gathering and Information Source 
The following databases were searched using key terms and pre-defined inclusion 
and exclusion criteria to identify relevant English literature: HubMed, PubMed, 
MEDLINE, Index to Chiropractic Literature and Google Scholar. 
 
The time frame for the literature search was between June 2015 and August 2020. 
This ensured that the literature was acquired after the study performed by Stainsby et 
al. (2016) and had not yet been reviewed. 
 
The search utilised a Boolean search strategy and a search of Medical Subject 
Headings (MeSH). Linking keywords such as 'AND', 'NOT' and 'OR' were used that 
ensure an extensive search of the literature was conducted. The Boolean formulation 
and MeSH used for this review included the following terms: 
• (Spinal Manipulation[Title/Abstract]) AND (Learning[Title/Abstract]);  
• (Spinal Manipulation[Title/Abstract]) AND (Learning[Title/Abstract]) OR 
(Augmented Feedback); or 
• (Spinal Manipulation[Title/Abstract]) AND (Chiropractic) AND (Training).  
• Broaden search terms used; (Quantify spinal manipulations); (motor skills 
chiropractic); (chiropractic adjustment forces). 
 
The literature gathered during the search was cross-checked for relevance based on 
the abstract and title, and included if the inclusion criteria were met. The search results 
were organised in Excel for screening. Results of the search strategy were noted in 
the pre-determined search strategy (Table 4.1). The search results yielded a small 
number. Therefore, a reduced search term was used to maximise the search activity. 
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3.1.2 Inclusion Criteria 
The search setting was adapted according to the following criteria and applied to the 
databases:  
• The relevance of articles: studies that obtained qualitative or quantitative results 
of spinal manipulation performed by chiropractors or chiropractic students were 
included. 
• Language: studies were limited to English. 
• Date published: between June 2015 and August 2020. 
• Species: human. 
• Study types: clinical trials and randomised clinical trials (RCTs) and cohort 
studies. 
 
3.1.3 Exclusion Criteria 
Results gathered went through further review to exclude literature if:  
• “Cochrane Collaboration’s Risk of Bias Tool research” (Appendix A) or “The 
Risk Of Bias In Non-randomised Studies – of Interventions (ROBINS-I) 
assessment tool” (Appendix B) classed the literature as “high risk”. 
• It was of poor quality and unethical. 
• Not relevant to the topic. 
• Relating to animal studies. 
• Failed to provide evidence of randomisation. 
• Duplicates were found. 
 
3.2 Assessing the Quality of Studies 
All the literature obtained was logged in a table (Appendix C) with reason for exclusion. 
The screening process followed a two-phase plan to assess the quality of the studies. 
During the first phase, the literature underwent a methodological assessment process, 
with the use of “JBI Critical Appraisal Checklist for Randomised Controlled Trials” 
(Appendix D) and “JBI Quasi-experimental Appraisal Tool” (Appendix E). These 
checklists are comprised of several questions and provide the reviewer with one of 
three options to check (“yes”, “no”, “unclear” or “NA”), which best describes the quality 
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of the study. The checklists were used to ensure reliable and non-bias studies were 
included in the review, by providing a method to assess the extent to which a study 
addressed the possibility of bias in the design, conduct and analysis. The studies 
underwent an internal review by the researcher, and the decision to include, exclude 
or gather more information was made. The qualifying studies completed a second 
screening process with the Cochrane Collaboration’s Risk of Bias Tool (Appendix A) 
or “The Risk Of Bias In Non-randomised Studies – of Interventions (ROBINS-I) 
assessment tool” (Appendix B). The tools categorise studies according to the risk of 
bias present, such as: “high risk”, “low risk”, or “unclear”. These assessment tools are 
based on the adequacy of sequence generation, allocation concealment, method of 
blinding, addressing incomplete outcome data, selective outcome and other sources 
of bias. Studies that scored low or unclear on the risk assessment were included for 
the review (Higgins and Green, 2011; and Sterne, Savović, Page, Elbers, Blencowe, 
Boutron, Cates, Cheng, Corbett, Eldridge, and Emberson, 2019). 
 
3.3 Validity and Reliability 
The “JBI Critical Appraisal Checklist for Randomised Controlled Trials”, “JBI Quasi-
experimental Appraisal Tool”, ROBINS-I assessment tool and Cochrane 
Collaboration’s Risk of Bias Tool were shown to be easy to use and valid approaches 
of assessing the risk of bias and the methodological quality of studies. These 
approaches report the prevalence data that is suitable to be included in systematic 
reviews. The JBI and the Cochrane Collaboration are organisations that provide 
evidence-based guidelines for the process of conducting systematic reviews (Munn 
Moola, Riitano and Lisy, 2014). 
 
JBI Critical Appraisal Checklists were developed by the JBI and collaborators and 
approved after an extensive peer review by the JBI Scientific Committee (JBI, 2019). 
 
Cochranes' Risk of Bias Tools are domain-based evaluation tools designed to provide 
a forum to assess the risk of bias in a study (Higgins and Green, 2011). These tools 
were created by the Cochrane Research Group that consists of methodologists, 
editors and review authors. The tools have been implemented as the standard 
approach to assessing the risk of bias in randomised clinical trials and cohort studies, 
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respectively. The main strengths of the tools were considered to be its aim (to assess 
trial conduct and not to report), its developmental basis (comprehensive consultation, 
empirical and theoretical evidence) and its transparent procedures (Jørgensen, 
Paludan-Müller, Laursen, Savović, Boutron, Sterne and Hróbjartsson, 2016). 
 
3.4 Data Collection 
Evaluation of the literature followed the “JBI Critical Appraisal Checklist for 
Randomised Controlled Trials”, “JBI Quasi-experimental Appraisal Tool”, ROBINS-I 
assessment tool and Cochrane Collaboration’s Risk of Bias Tool. These guidelines 
were used to assist the reviewer in making an informed judgement on the internal 
validity of the studies by means of a qualitative review. This ensured that a low risk for 
selection bias and confounding of results was present. The results were reviewed by 
means of discussion with a second reviewer (supervisor). Studies that had a low risk 
of bias and adequate internal validity were included in the systematic review. After 
that, the literature data were summarised in a table (Appendix F) outlining the 
characteristics of each study and included the; authors, year and title of publication, 
study design, aim, methodology, characteristics of participants and total number, 
interventions, outcomes and risk of bias assessment that kept the risk of bias as low 
as possible. 
 
3.5 Data Synthesis 
The summarised tables (Appendix F) were used to synthesise a narrative review. 
Findings from the included studies were extracted with accompanying illustrations and 
tables for each study. Categories were developed for findings of similar nature, and 
the literature was discussed as well as a conclusion was drawn using a modified JBI 
Checklists (JBI, 2019) as guidelines. 
 
3.6 Interpretation of the Findings 
A qualitative review was used to interpret the findings according to the evidence 
provided in the studies. A meta-analysis was not conducted. The findings of each 
study were assessed focussing on the method of obtaining the findings, and a 
sufficient description was provided to describe these findings. The conclusions and 
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recommendations were interpreted according to the findings in the studies. These 
conclusions may provide a platform for new insights, tools or methods that could 
provide topics for future research investigations. 
 
3.7 Ethical considerations 
The systematic review was approved by the Higher Degrees Committee (HDC 01-43-
2020) and has been granted a waiver of the requirement to undergo ethical review 
(REC 241112-035 – Appendix G). 
 
High-quality research was used, which was extracted from accredited databases, 
recently published and had undergone a peer review. 
 
The literature used was adequately acknowledged, and credit was given to the authors 
of the studies. The studies were portrayed as accurately, and precise to the original 
literature as possible and confidential information was respected and kept confidential 
at all times. 
 
Records were kept of the sources used to write this systematic review to ensure 
plagiarism was avoided. The information included in the study was referenced and 
cited appropriately and not distorted when carried over. This research was 
submitted via antiplagiarism software "Turnitin" (Appendix H) with a similarity 




CHAPTER FOUR – RESULTS 
4.1 Study Selection 
An extensive literature search for relevant studies, of high quality, pertaining to the 
latest literature provided for improving spinal manipulation skills of chiropractors and 
chiropractic students was performed. 
 
Information sources were obtained by searching five electronic databases: HubMed, 
PubMed, MEDLINE, Index to Chiropractic Literature and Google Scholar. The time 
frame for the literature search was between June 2015 and August 2020. Applicable 
search terms and settings were applied to include English randomised clinical trials 
(RCTs) or cohort studies that obtained qualitative or quantitative results of spinal 
manipulation performed by chiropractors or chiropractic. The Boolean formulation and 
Medical Subject Headings (MeSH) used for this review was Spinal Manipulation 
[Title/Abstract]) AND (Learning [Title/Abstract]); (Spinal Manipulation [Title/Abstract]) 
AND (Learning [Title/Abstract]) OR (Augmented Feedback); or (Spinal Manipulation 
[Title/Abstract]) AND (Chiropractic) AND (Training). Broaden search terms used; 
(Quantify spinal manipulations); (motor skills chiropractic); (chiropractic adjustment 
forces). The search results were logged in Appendix C. 
 
The search for diverse sources yielded a total of 786 studies. The search was 
conducted between 10/07/2020 and 15/08/2020. The literature was cross-checked for 
relevance based on the information provided in the abstract and title, and studies that 
were not relevant were excluded (n= 706). Relevant full-text articles were recorded in 
a table format (n= 80) and screened for identical title duplicates (n= 45). Articles were 
assessed for eligibility and recorded in a log (n= 35) (Table 4.1). The studies were 
screened during the phase two screening process according to the inclusion and 
exclusion criteria. A total of (n=21) were excluded with a stated reason (reasons 
summarised in Figure 4.1) if they did not meet the inclusion criteria (n=14). Critically 
appraised studies included in the qualitative synthesis were assessed for 
methodological quality and were excluded if studies were classified by the “Cochrane 
Collaboration’s Risk of Bias Tool research” (Appendix A), Risk Of Bias In Non-
randomised Studies – of Interventions (ROBINS-I) assessment tool (Appendix B) and 
with verification by the second reviewer as “high risk”. There was no literature excluded 
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due to “high risk” of bias. The high-quality studies were included in the final review 
(n=14).   
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Citations identified through a 
complete search of literature 
from June 2015 - August 





































Additional records identified 
through other sources 
(n = 0) 
Phase one screening: Titles 
and Abstracts 
Studies classified as relevant: 
(n= 80) 
Studies classified as 
irrelevant: (n= 706) 
Full-text articles assessed for 
eligibility (n = 14) 
Full-text articles 
excluded, with 
reasons (n = 21) 
• Topic not 
relevant  
• full article not 
available 
• doesn’t match 
inclusion criteria 
Studies included in 
quantitative synthesis (meta-
analysis) (N/A) 






inadmissible (n= 0) 
Studies included in qualitative 
synthesis (n = 14) 
Figure 4. 1 Modified PRISMA flow diagram chart (Moher, Liberati, Tetzlaff and Altman, 
2009) 
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Table 4. 1 Summary of the search strategy 
Date of search  July – August 2020 
Time frame  June 2015- August 2020 
Language English 
Filters  Species: Human, Text Availability: Full text 






(Spinal Manipulation[Title/Abstract]) 201 76 69 360 706 
(Spinal Manipulation[Title/Abstract]) 
AND (Learning[Title/Abstract]) 4 4 30 4 42 
(Spinal Manipulation[Title/Abstract]) 







AND (Chiropractic) AND (Training) 11 
   
11 
Broaden search terms; Quantify 
spinal manipulations; motor skills 
chiropractic; chiropractic adjustment 
forces  10 15 2 23 50 




4.2 Summary of studies included in the qualitative synthesis 
The studies approved for review were compared according to their characteristics and 
summarised in Table 4.2. The study characteristics of selected studies were based on 
the study design, target population, study population, intervention, follow-up period, 
comparison, outcome and key results. 
 
In order to make comparisons between study characteristics, studies were grouped 
according to similar interventions utilised when learning spinal manipulations. 
Groupings included studies that identified the effect of expertise on the performance 
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of spinal manipulations, the influence of a training period on spinal manipulations and 
the effect of detraining on spinal manipulations. 
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Table 4. 2 Characteristics of studies included in the qualitative synthesis 




Intervention Key Results 







“Measuring device: mannequin on a 
treatment table with a force platform 
embedded.  
Procedure:”3 light, 3 normal, and 3 heavy 
manipulations performed on 5 listings with a 
specified contact point, hand position, and 
direction of thrust.” 
Manipulation: prone manipulations.  
Assessment: initial and final. 
Intervention: 9-10-week standard 
technique training.” 
“Preload (Initial Assessment/Final 
Assessment): Heavy: 57N (35)/33 N (51). 
Normal: 33N (57)/45N (33). Light: 51N 
(33)/35N (45).  
Peak force (Initial Assessment/Final 
Assessment): Heavy:425N (178)/ 458N 
(191). Normal: 314N (107)/ 327N (106). Light: 
220N (79)/221N (89). 
Thrust rate in N/ms: Heavy: 3.0(1.7) 
/3.2(1.7). Normal: 2.0(0.9)/2.1(1.0). Light: 1.3 
(0.6)/1.4 (0.8). 
Average coefficients of variability; (CV = 
SD/mean) (initial/final): Heavy: 17%/15%; 
Normal: 16%/15%; Light: 20%/20%, with 0 as 
ideal. Force ratio (ability to distinguish thrust 
magnitude.): Heavy/normal ratio (initial/final): 
1.35/1.39, and the light/normal ratio: 
0.70/0.67” 
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“Measuring device: HAM and FSTT 
Procedure: 2 peak-force targeted thrusts of 
400N and 600N.  
Manipulation: posterior to anterior thrust to 
T9 
Assessment: initial and final 
Intervention: 12-week detraining period 
“Mean distance from target Peak-force 
thrust (in Newton) for 400 N: Pre-test: 44.91 
(34.67); Post-test: 42.60 (28.88); P = .5690. 
Distance from target Peak-force thrust for 
600 N: Pre-test: 124.11 (65.77); Post-test: 
123.29 (61.43); P = .8994. Time-to-peak 
thrust (in milliseconds) for the 400 N: Pre-
test 137.094 (42.47); Post-test 125.385 
(37.46); P = .0004. Time-to-peak thrust for 
the 600 N: Pre-test 136.835 (40.48); Post-test 
125.385 (33.78); P = .03. Percentage 
distance from total peak force for 400N: 
Pre-test: 11.23% + 8.67%; Post-test: 10.65% 
+ 7.22%. Percentage distance from total 
peak force for 600N: Pre-test: 20.69% + 
10.96%; Post-test: 20.55% + 10.24%.” 
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3: Triano et 
al. (2015)  
Chiropractors 
minimum 5 








“Measuring device: HAM and FSTT 
Procedure: typical force, half-typical and 
double-typical force with 2-hour training 
session using technology-assisted coaching 
with visual feedback.  
Manipulation: 1 of 3 standard manoeuvres: 
bilateral hypothenar, bilateral thenar, or 
cross-bilateral to T9 
Assessment: baseline, 4-months later a 
pre-post-test assessment 
Intervention: 2-hour training session. “ 
“Subgroup vs baseline group 
characteristics: No difference was observed. 
Baseline vs pre-test measurements (4 
month interval): no difference, good 
consistency in force-time profiles (0.55 ≤ 
intraclass correlation coefficient ≤ 0.75). Short 
training interval: Error rate force delivery 
reduced by 23% to 45%, increased peak force 
directly related to rate of force and stable 
impulse force. (ICC, 0.75; baseline, 390.7 ± 
111.1 N; pre-test, 403.6 ± 96.1 N). Within-
subject variability vs between-subject 
variability: 1/3 to 1/2. Load increases: 
directly related to rate of loading.” 
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ranging from 2 







“Measuring device: computer-connected 
device with strain gauge Procedure: 
familiarization period of 15 practice thrusts 
with a target maximum peak force of 300 N 
and feedback. Final measurements of 10 
thrusts, 300 N target peak force, no 
feedback provided, participants were asked 
to estimate their maximal peak force after 
each manipulation. Manipulation: prone 
unilateral hypothenar transverse push 
manipulation, posterior-to-anterior force 
vector. 
Assessment: once-off data-recording 
session to determine expertise effect on 
error detection skill. 
Intervention: aim for Target peak force 
300N“ 
“Preload forces: Significant difference was 
observed between 1st year students and the 3 
other groups (4th and 5th year and experts). 
Time-to-peak force: Significantly decreased 
with experience significant differences 
observed between each group except the 4th- 
and 5th-year students. Thrust force: 
Significantly increased from the 1st- to the 5th-
year students with values similar to the 
experts observed in the 4th and 5th year. Rate 
of force application: Significantly increased 
with experience. Error detection variables: 
No significant difference was found between 




5: Owens et 






“Measuring device: mannequin with a 
force plate embedded in treatment table.  
Procedure: 3 thrusts performed for each 
listing at 3 different load levels: light, normal, 
and heavy. 
Manipulation: Gonstead chiropractic 
manipulation technique 9 listings provided 
for prone and side posture manipulations at 
a predetermined location and along a 
specific vector. 
Assessment: initial and follow-up 
assessment (survey)  
“Consistency: Wide variations between 
chiropractor's manipulation parameters. Mean 
peak loads (light): 339 N side posture, 744 N 
for prone. Peak loads: ranged from 100 to 
1400 N. Mean thrust rates: 2.3 to 5 N/ms 
were more uniform across doctors, averaging 
3 N/ms. All doctors showed clear distinctions 
between peak load levels, but there was 
overlap between high and low loads. Post-
study survey mannequin vs human: similar 
manipulation = 4/6, similar compliance = 3/6 , 
more rigid = 1/6, softer = 2/6, adverse effects 
(arm fatigue and soreness)=3/6” 
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Intervention: once-off data-recording 
session to determine thrust kinematics of 
expert models“ 





students in the 
7th or 8th 







“Measuring device: HAM and FSTT 
Procedure: familiarization period with 
practice thrusts of 5 of a typical manipulation 
with no prespecified force target and verbal 
feedback, 10 consecutive thrusts at a target 
duration of 150 ms for 350 N and 550 N 
target force, no feedback. Manipulation: 
bilateral thenar contact on T4  
Assessment: baseline, immediate post 
training; 1, 4 and 8 weeks post training. 
Intervention: 4-week, six 30-minute 
sessions with as many blocks of 10 thrusts 
as possible (60-100 thrusts), with variable 
force and time targets. “ 
 
“Error from peak force target, expressed 
as adjusted mean constant error (standard 
deviation): baseline; 107 N (127), 
immediately after training; 0.2 N (41) and 8 
weeks after training; 32 N (53) for the 350 N 
target, and 63 N (148), - 6 N (58), and 9 N 
(87) for the 550 N target. Student median 
values met thrust duration target, but doctors’ 
were > 150 ms immediately after training.” 
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7: Pasquier et 
al. (2019) 
4th (n=64) and 
5th year (n=73) 
chiropractic 







“Measuring device: HAM and FSTT 
Procedure: familiarization period of 3 
manipulations with a target peak force of 
450 N and verbal and visual feedback. 5 
manipulations with the same target peak 
force, but no feedback provided.” 
Manipulation: double thenar push 
technique posterior-to-anterior 
Assessment: once-off data-recording 
session to determine gender and expertise 
effect on performance” 
“Analyses showed significant gender 
differences for several biomechanical 
parameters, as well as significant gender 
differences in accuracy and variability. 
Although women showed lower time to peak 
force and rate of force values, they were more 
precise and showed less variability than men 
when performing thoracic spine manipulations. 
Students with clinical expertise (fifth-year 













experience of 2 
“Measuring device: computer-connected 
device. 
Procedure: 3 sets of 10 consecutive thrusts 
onto device. Set 1: preferred table height, 
set 2: 15cm higher table, set 3: unstable 
surface (standing on a rocking board.  
Manipulation: prone unilateral hypothenar 
transverse push 
“Results indicated that both expertise and 
performance conditions modulated the 
biomechanical parameters of 
spinal manipulation. Decreased thrust duration 
and increased rate of force application were 
observed in experienced 
clinicians, whereas thrust force and thrust rate 
of force application were significantly 
decreased when task difficulty 
was increased. Increasing task difficulty also 
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Assessment: once-off data-recording 
session to determine effect of expertise on 
transfer capabilities” 
led to significant increases in performance 
variability.” 











“Measuring device: 3D electrogoniometer 
with an instrumented spatial linkage.  
Procedure: practitioners with different 
seniority performed a cervical manipulation 
on 20 asymptomatic volunteers. Cavitation 
indicated the end of the measurement, a 
maximum of 4 attempts per practitioner. 
Manipulation: cervical manipulative 
technique left and right C3 and C5 seated 
upright 
Qualitative Assessment (ISE data): 
innovative questionnaire addressing the 
characteristics of a manipulation.  
Intervention: once-off data-recording 
session to assess kinematics and determine 
“Motion parameters obtained during 
manipulation were found to be influenced by 
cavitation occurrence and differences between 
practitioners. Data analysis indicated that ISE 
could be grouped into 2 factors. The first 
revolved around grip firmness and range and 
speed of practitioner’s gesture. The second 
factor represented patient’s relaxation and the 
precision of handling. Also, most ISE data 
correlated with kinematics, although a 
subjective measurement did not always 
correlate the highest with its objective 
counterpart. When cavitation occurred, ISE 
ratings were higher, suggesting that 
participants may associate cavitation with the 
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subjective experience (ISE) of cervical 
manipulation” 
success of manipulations. Higher practitioner 
seniority (more years of experience) induced 



















“Measuring device: computer-connected 
device.  
Procedure: familiarisation period of 3 
thrusts to target 300 N peak force, baseline 
10 thrusts, with no feedback  
Manipulation: unilateral hypothenar 
transverse push technique with a posterior-
to-anterior force vector 
Assessment: initial, final assessment and 
7-day retention period,  
Intervention: training period, 30 thrusts with 
both verbal and visual feedback 300N target 
peak force.” 
 
“Pre-load increased at post-training and 
retention assessments. Drop in pre-load and 
absolute error decreased from baseline to 
post-training and retention assessments.” 
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“Measuring device: manikin placed on a 
force-sensing table  
Group 1: exercise group (EG)  
Group 2: control group (CG) (no training) for 
campus B.  
Procedure: familiarization phase, with 2 1 
hour experimental feedback sessions based 
on preload force release (N) and time to 
peak force (ms). 10 recorded trials per 
session, 5 thrust manipulations performed 
without target force and without feedback.  
Manipulation: double thenar technique 
posterior-to-anterior thoracic. 
Assessments: initial and final assessments. 
Intervention: exercises included: push-ups, 
core stabilization, and speeder board 
exercises 3 times per week for an 8-week 
period 
Control: did not receive any particular 
instruction in addition to the normal school 
activities.” 
 
“Thrust Duration: mean at session 1: 125.1 
ms (+- 19.3), mean at session 2: 126.0 ms (+- 
15.7) The mean thrust duration increased 
between the 2 sessions no differences 
between the 2 groups on thrust duration 
changes (p .94). Preload Force Release: 
mean at session 1: 19.5 N (+-15.9), mean at 
session 2: 13.4 N (+-14.2), decreased 
between the 2 sessions, decrease was found 




et al. (2017) 








“Measuring device: computer-connected 
device.  
Group 1: constant practice group 
Group 2: variable practice group 
Procedure: familiarisation 
period of 10 manipulations with a target 
peak force of 350-N with verbal feedback 
after each thrust. Baseline: 10 manipulations 
target 350-N peak force no feedback.  
Manipulation: unilateral hypothenar 
transverse push technique. 
Assessment: initial, final and retention (2 
days later). 
Intervention (constant): 45 thrusts at 350 
N  
Intervention (variable): 45 thrusts 
randomly varied at 300 N, 350 N, and 400 
N.” 
“Effects of Practice Type on SM 
Performance: The practice period led to 
significantly more accurate (FAE[2,76] = 6.17, 
p < .01) and consistent (FVE[2,76] = 3.90, p = 
.02) performances at the postintervention 
assessment regardless of practice type. 
Biomechanical parameters: preload force 
was higher at the retention assessment than 
at baseline (F[2,76] = 6.53, p < .01), while rate 
of force application significantly decreased 
between the baseline and the retention 
assessment (F[2,76] = 4.10, p = .02).” 
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13: Lardon et 
al. (2016)  
4th- or 5th-year 
chiropractic 
students 
enrolled in a 5-
year chiropractic 
program (n=40) 
“Measuring device: computer-connected 
device.  
Group 1: control group (100% feedback) 
Group 2: experimental group (reduced 
feedback) Procedure: familiarization period: 
3 trials with target peak force of 300-N 
verbal and visual feedback. Baseline: 10 
thrusts with target peak force of 300-N and 
no feedback.  
Manipulation: unilateral hypothenar 
transverse push technique with a posterior 
to anterior force vector. 
Intervention: practice session: 3 blocks of 
10 thrusts; block 1: 100%, block 2: 50 %, 
Block 3: 20 % visual feedback. Control: 
100% feedback  
Assessment: once-off data-recording 
session to determine feedback 
dependency.” 
“No group main effect was found on 
biomechanical parameters and error variables. 
A main effect of learning for the absolute error 
was observed, suggesting that short sessions 













“Measuring device: FSTT and HAM  
Procedure: 60-minute educational session 
cervical manipulations on mannequins 
target peak force of 100 N total, with 
objective feedback through force-sensing 
table technology. 
Group 1: intervention group.  
Group 2: control group. Manipulation: 
lateral cervical manipulation.  
Assessments: initial and final assessments 
on mannequin and a paired student partner: 
4 lateral cervical thrusts target force of 100 
N. 
It consisted of 2 mannequin manipulations, 
one for each 
hand, and 2 patient manipulations, one for 
each hand, no feedback 
Intervention: 1-hour training session 
focusing on lateral cervical manipulations 
exclusively on the mannequins. With 
objective feedback 
“Ninety students were recruited. The invention 
group (46) scored significantly better at the 
outcome compared to the control group ( 44) 
when manipulating the mannequin (p = .003). 
These improvements did not carry over when 
manipulating a paired human partner (p = 
.067).” 
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4.3 Risk of Bias Assessment 
The “JBI Critical Appraisal Checklist for Randomised Controlled Trials” (Appendix D) 
or “JBI Quasi-experimental Appraisal Tool” (Appendix E) and Cochrane 
Collaboration’s Risk of Bias Tool (Appendix A) or “The Risk Of Bias In Non-
randomised Studies – of Interventions (ROBINS-I) assessment tool” (Appendix B) 
were used to assess the risk for bias and the methodological quality of each individual 
study.  
 
“JBI Critical Appraisal Checklist for Randomised Controlled Trials” and “JBI Quasi-
experimental Appraisal Tool” were used to assess the methodological quality of 
individual studies and to determine the extent to which the study addresses the 
possibility of bias in its design, conduct and analysis. The checklists consist of various 
questions relating to the randomisation; allocation; similarities at baseline; blinding; 
intervention comparison; and outcome. These questions were answered with set 
options (yes, no, unclear or not applicable) (Munn et al., 2017; and Aromataris and 
Munn, 2017). The results from this appraisal were used to make an informed synthesis 
and interpretation of the results of the study. 
 
The Cochrane Collaboration’s Risk of Bias Tool and the ROBINS-I tool are domain-
based evaluation tools, designed to focus on a study’s internal validity. The tools cover 
elements of several domains to provide a framework for considering the risk of bias 
present in a study. The studies are assessed and judgement used to classify and 
justify a study as high risk, low risk or unclear. No studies were classified as high risk. 
The results and any uncertainties were reviewed by means of discussion with a 
second reviewer (supervisor). A summary of all the studies' results of the critical 
appraisal was tabulated (Table 4.3 and Table 4.4).  
 
Table 4. 3 Critical appraisal results for included studies using the JBI-Critical 
Appraisal Checklist for randomised controlled trials 
 Question  
Study no. 1 2 3 4 5 6 7 8 9 
Inclusion/ 
Exclusion 
1  Y Y Y N Y Y Y Y Y Included 
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2 Y Y Y N Y Y Y Y Y Included 
3  Y Y Y N Y Y Y Y Y Included 
4 Y Y Y N Y Y Y Y Y Included 
5 Y Y Y N Y Y Y Y Y Included 
6 Y Y Y N Y Y Y Y Y Included 
7 Y Y Y N Y Y Y Y Y Included 
8 Y Y Y N Y Y Y Y Y Included 
9 Y Y Y N Y Y Y Y Y Included 
10 Y Y Y N Y Y Y Y Y Included 
Yes, N - No, U - Unclear, N/A - Not applicable (JBI, 2019). 
 
Table 4. 4 Critical appraisal results for included studies using the “JBI Quasi-
experimental Appraisal Tool” 
 Question  
Study no. 1 2 3 4 5 6 7 8 9 10 11 12 13 
Inclusion/ 
Exclusion 
11  Y Y N Y Y Y Y Y Y Y Y Y Y Included  
12 Y N/A Y N/A N/A Y Y Y Y Y Y Y Y Included  
13  Y N/A Y N/A N/A Y Y Y Y Y Y Y Y Included  
14 U N/A Y N/A N/A Y Y N/A Y Y Y Y Y Included  
Yes, N - No, U - Unclear, N/A - Not applicable (JBI, 2019). 
 
4.3.1 Explanation of the risk assessment tools used for Randomised Control 
Trials (Higgins and Green, 2011) 
Each question was answered with either yes, no, unclear or not applicable. Domains 
were listed as high risk, unclear or low risk (Higgins and Green, 2011).  
 
Questions one, two and three in the checklist and domain one and two of the risk tool 
are based on selection bias within a study. Selection bias is present if there is a 
discrepancy of the baseline characteristics between participants. The allocation of 
participants into respective groups without appropriate randomisation poses a risk of 
known characteristics influencing the outcome of a study. This puts the internal validity 
of a study at high risk. This question was a yes and “low risk” if a random sequence 
generation method was used to generate comparable groups.  
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Question two and domain two are based on allocation bias if the allocation of 
participants was not concealed, there is a risk that the process has been tampered 
with and the randomisation process distorted. The concealment ensures that 
participants are unaware of which group is the control group or the intervention group. 
Low risk of bias is when the intervention allocations could not be foreseen prior to or 
during the enrolment. 
 
Question three relates to the characteristics of participants and the proportion of 
comparisons within groups at baseline measurements to ensure that the effect does 
not contribute to the actual cause. 
 
Question four, five, seven and domain three are based on performance bias and refers 
to blinding of intervention procedures. Performance bias refers to similarities of 
intervention received, exposure factors received between and intergroup similarities 
other than the intervention being tested. The study would be high risk if the allocation 
of interventions were made targeting specific characteristics or groups.   
 
Question six, ten and domain four are based on detection bias. Detection bias refers 
to allocation of interventions based on outcome assessment and measurements. The 
study would be classified as high risk if blinding of the assessor, was inadequate or 
outcomes between groups were not measured identically, which could lead to a 
distorted measurement of the outcomes and distortion of the results of the study. 
 
Question eight and domain five were based on attrition bias within a study. Attrition 
bias refers to a systematic error that occurs due to unequal loss of participants from 
different groups in a trial. The handling of incomplete outcome data's nature and 
amount also refers to attrition bias. High risk for attrition bias can lead to results 
distorted if participants withdraw that could have affected the study. Low risk is when 
the incomplete outcome data was handled as complete and still had no effect on the 
results. 
 
Question nine refers to the analysis of data based on intention-to-treat (ITT) analysis. 
The ITT analysis refers to all participants that were randomly allocated at baseline are 
analysed according to their initial groups regardless of participation.  
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Domain six is based on reporting bias and refers to the means used to examine a 
study for the possibility of selective outcome reporting, reporting and not reporting 
certain results. This can lead to dissemination of findings that are influenced by the 
nature and direction of the results.  
 
Question eleven, twelve, thirteen and domain seven are based on other sources of 
bias and errors that occurred.  
 
4.3.2 Explanation of the Risk assessment tools used for cohort studies (Sterne 
et al., 2016) 
Each question was answered with either yes, no, unclear or not applicable. Domains 
had several response options available. Judgement was based on the extent to which 
studies were at risk of bias and whether the presence of bias influenced the 
conclusions drawn from the study. The risk of bias was low if all the question were 
answered no, the risk was moderate if some of the questions were answered yes, but 
did not influence the study outcome. 
Risk levels were as follow (Sterne et al., 2016):  
(1) Low risk of bias; 
(2) Moderate risk of bias;  
(3) Serious risk of bias; 
(4) Critical risk of bias; and  
(5) No information 
 
Domain one and question one relates to confounding bias, which refers to one or more 
prognostic variable that determines what intervention is received by an individual at 
baseline. Confounding bias results in a risk that the outcome could not be attributed 
to the intervention of interest. Question one of the risk assessment relates to the cause 
and effect variable. The cause refers to the independent variable, which is the 
intervention of the study and the effect refers to the dependent variable, which is the 
outcome of interest. The internal validity of a study is at risk if it is unclear which 
variable is manipulated as a potential cause and which measured as the effect. It 
should be clear that the cause was manipulated prior to the measurement of the effect. 
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The second domain and question two relates to selection bias. The participants are 
selected or excluded with the intent of favouring a post-intervention variable that has 
an influence on the outcome of interest. This also includes the exclusion of eligible 
participants, follow-up and baseline measurements of some participants, or certain 
outcomes. Selection bias results in a risk of bias association between the intervention 
and outcome and not reflecting the true results observed in the target trial. Question 
two relates to the comparability of the source population, which puts the internal 
validity of the study at risk for selection bias. Studies are at high risk when differences 
between participants are present in comparable groups. The “effect” may be explained 
by the differences between participants. This could potentially result in effects 
presented even in the absence of the cause.  
 
The third domain, fourth domain, question three and four, relates to information bias. 
This bias is introduced when the intervention status or outcome status is misclassified. 
Bias arising from conduct occurs after the intervention and can arise from deviation 
from intended interventions, lost or incomplete data, outcome measurements, and 
results and statistical reports. Question three refers to the comparability of the 
intervention received between groups. In the presence of other exposures coinciding 
with the cause, other than the intervention of interest, the study would be classified as 
high risk. Question four refers to the presence of a control group used to strengthen 
the validity of causal inferences. 
 
The fifth domain and question six relates attrition bias refers to incomplete data due to 
the loss of participants throughout the study and to what extent it influenced the study. 
The internal validity of the study is threatened if the loss to follow up differs between 
groups, incomplete follow up and method and impact of the analysis as a result of the 
loss of follow-ups. 
 
Domain six, question five, seven and eight refers to measurement or detection bias. 
Bias introduced by either differential or non-differential errors in the measurement of 
outcome data. Studies are at risk when the outcome assessors have knowledge of 
assessment received particularly subjective assessments; when there are methods of 
assessment between groups are not comparable. Question five refers to pre and post-
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intervention measurements. Multiple pre-test measurements, can explore the 
plausibility of alternative explanations other than the proposed cause and explore the 
changes of the effect in time in each group and compare these changes across the 
groups. Question seven refers to comparable outcome measured between groups. 
The internal validity of the study is under question if there is a discrepancy in the 
method of measuring the outcome between groups, it could lead to the confusion 
whether the effect is as a result of the intervention or measurement related. Question 
eight refers to the reliability of the outcomes measured. The internal validity of a study 
is weakened, with factors like low statistical power and assumptions of statistical tests.  
 
The seventh domain and question nine relate to reporting bias when selectively 
reporting results to favour certain findings. Question nine refers to the appropriateness 
of the statistical analysis utilised to avoid errors of statistical inference. Internal validity 
is threatened by low statistical power and the violation of the assumptions of statistical 
tests with regards to a statistical test, such as; sample size, statistical procedures, 
statistical power analysis, number and type of dependent and independent variables, 
the number of study groups, the nature of the relationship between the groups and the 
objectives of statistical analysis. 
 
4.3.3 Study no. 1: Owens et al. (2017) 
Title: “Changes in adjustment force, speed, and direction factors in chiropractic 
students after 10 weeks undergoing standard technique training” 
Authors: “Owens EF, Russell BS, Hosek RS, Sullivan SGB, Dever LL and Mullin L.” 
Source: “Journal of Chiropractic Education 2017;32(1):3–9 DOI 10.7899/JCE-173” 
 
This single exposure cohort study compared initial and final assessments of heavy, 
normal and light manipulation thrusts performed after a ten-week standard chiropractic 
technique training period. The college's institutional review board approved the study, 
yet there was no ethics clearance number stated. Eligible participants were 
chiropractic students at the end of the “Full Spine 2 technique course”. Participants 
had limited experience in manipulation and were untrained in manipulation with force-
feedback. Participants were excluded if they had incomplete data sets.  
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The characteristics of this study are summarised and available in Table 4.1. The 
comprehensive report of the study is available in the Data extraction (Appendix F). 
 
The “Modified Risk of Bias in Non-randomised Studies – of Interventions (ROBINS-I) 
assessment tool” (Appendix B) was used to assess the findings from each domain and 
summarised in Table 4.5 and paired with similar findings from the “JBI Critical 
Appraisal Checklist for Quasi-Experimental Studies (non-randomised experimental 
studies)” (Appendix E) summarised in Table 4.6. The following is a narrative 
description of the key findings from each domain and checklist: 
 
The first domain was at “low risk” for confounding bias. There were no reported 
prognostic variables that predicted the intervention received by participants at 
baseline. All participants received an identical intervention, regardless of their 
characteristic differences. The gender-based analysis was included with an average 
height and weight of groups provided. 
 
Selection bias in the second domain was “moderate risk”. Explicit inclusion and 
exclusion criteria were stated. The study reported the characteristics of the groups 
regarding height, weight, and sex at baseline, and participants received a randomised 
study ID number. All participants with complete data sets were used in the statistical 
analysis. However, a small sample size of sixteen participants was used in the study, 
which weakens the credibility of the results. 
 
The third domain, information bias (bias in classification of interventions), was at “low 
risk”. The intervention status was clearly defined and kept consistent across the 
groups. Participants had the opportunity to familiarise with the devices during the 
familiarisation phase. No control group for this study was used; the study reported that 
participants served as their own comparison. However, the study provided the 
necessary data to calculate effect measures for comparison. 
 
Bias due to deviations from intended interventions (performance bias) in the fourth 
domain was at “low risk”. A single exposure (intervention) was used in the study. 
Identical task requirements and timeline of measurements were provided for all the 
participants in the group. The measurements for all participants were completed within 
study duration, 9-10 weeks from the baseline assessment, and the same measuring 
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device was used for the training and assessments. Evidence suggested that the 
participants in the group were treated identically.  
 
Fifth domain was “unclear” for attrition bias. Only complete data sets were used for 
statistical analysis, thus excluding participants who did not complete the follow-up 
sessions. The study states that they “do not know if the missing follow-ups contributed 
any bias to the findings.” The study reported that twenty-eight participants were initially 
included, but only sixteen participants finished. 
 
The sixth domain, bias in the outcomes measured (detection bias) was at “low risk”. 
The order of procedure for participants was randomised and measured reliably. 
 
The seventh domain was “low risk” for reporting bias, the results reported were based 
on the intended intervention and not excluded due to unfavourable results. The 
statistical analyses used was appropriate for the study design and corresponded with 
the topic. 
 
Table 4. 5 Study no. 1: Owens et al. (2017) ROBINS-I assessment tool (Sterne 
et al., 2019) 
Study    1: Owens et al. (2017) 













:   
“1.1. Is there potential 
for confounding of the 
effect of the intervention 
in this study?” 
No 
Low Risk Identical intervention. 
“1.2. Was the analysis 
based on splitting 
participants’ follow up 
time according to the 
intervention received?” 
No 
“1.3. Were intervention 
discontinuations or 
switches likely to be 
related to factors that 
















“1.4. Was an 





reported at baseline; 
Height, weight and sex 
differences addressed. 
“1.5. If Y to 1.4: Were 
the confounding 
domains reliable and 
valid for the variables 
available in this study?” 
Yes 
Gender-based 
analysis with averages 




controlled that could 























“1.7. Did the authors 
use an appropriate 
analysis method that 
controlled for all the 
important confounding 
domains and for time-
varying confounding?” 
Yes 
Low Risk  
Custom-programmed 
software tool used for 
data analysis “1.8. If Y/PY to 1.7: Were confounding 
domains that were 
controlled for measured 
validly and reliably by 
the variables available 











“2.1. Was the selection 
of participants into the 
study (or into the 
analysis) based on 
participant 
characteristics observed 
after the start of 
intervention? If N/PN to 






Randomised study ID 
provided, small sample 
size (n=16) 
“2.2. If Y/PY to 2.1: 
Were the post-
intervention variables 
that influenced selection 
likely to be associated 
with the intervention?” 
N/A   
“2.3 If Y/PY to 2.2: Were 
the post-intervention 
variables that influenced 
selection likely to be 
influenced by the 




“2.4. Do the start of 
follow-up and the start 
of intervention coincide 
for most participants?” 
Yes 
All measurements 
obtained at baseline 
and 9-10 weeks later. 
“2.5. If Y/PY to 2.2 and 
2.3, or N/PN to 2.4: 
Were adjustment 
techniques used that 
are likely to correct for 
the presence of 
selection biases?” 























“3.1 Were intervention 
groups clearly defined?” Yes 




“3.2 Was the information 
used to define 
intervention groups 




prior to start. 
Familiarisation period 
“3.3 Could classification 
of intervention status 
have been affected by 
knowledge of the 
outcome or risk of the 
outcome?” 


























“4.1. Were there 
deviations from the 
intended intervention 
beyond what would be 
expected in usual 
practice?” 
No 
Low Risk  
Consistent intervention 
procedure was used, 
all measurements 
obtained at baseline 
and 9-10 weeks later. 
“4.2. If Y/PY to 4.1: 
Were these deviations 
from intended 
intervention unbalanced 
between groups and 
likely to have affected 
the outcome?” 















“5.1 Were outcome data 
available for all, or 
nearly all, participants?” 
No 
Unclear 
28 participants started 
only 16 participants 
finished.  
“5.2 Were participants 
excluded due to missing 




incomplete data sets. 
do not know if the 
missing follow-ups 




















“6.1 Could the outcome 
measure have been 
influenced by 




Randomised order of 
procedures provided 
“6.2 Were outcome 
assessors aware of the 
intervention received by 
study participants?” 
Yes Randomised study ID number was provided 
“6.3 Were the methods 







tool, Bertec Acquire; 
Bertec Corp. 
“6.4 Were any 
systematic errors in the 
measurement of the 
outcome related to the 
intervention received?” 























“Is the reported effect 
estimate likely to be 
selected, based on the 
results, from...” 
      
“7.1. ... multiple 
outcome measurements 







averages of four 
recordings were used. 
“7.2 ... multiple analyses 
of the intervention-
outcome relationship?” 
No   
“7.3 ... different 
subgroups?” No   
Overall judgement Moderate Risk 
“The college’s 
institutional review 
board approved the 






Table 4. 6 Study no. 1: Owens, et al. (2017) Critical appraisal results for 
included studies using the JBI Critical Appraisal Checklist for Quasi-
Experimental Studies (JBI, 2019) 
 Study no. 
and 
citation 1: Owens et al. (2017) 
Title 
  
“Changes in adjustment force, speed, and direction factors in 
chiropractic students after 10 weeks undergoing standard technique 
training” 
Q1 Cause and Effect variable  Y 
Q2 Participants from the comparable source population Y 
Q3 Comparable in all but intervention Y 
Q4 Control group N 
Q5 Multiple outcome measurements Y 
Q6 Follow up complete or if not adequately analysed Y 
Q7 Outcome Measurement via comparison Y 
Q8 Outcome Measurement reliable Y 
Q9 Statistical analysis used Y 
Overall 
Appraisal    Included 
 
 
4.3.4 Study no. 2: Starmer et al. (2016) 
Title: “Changes in manipulative peak force modulation and time to peak thrust among 
first-year chiropractic students following a 12-week detraining period” 
Authors: “Starmer DJ, Guist BP, Tuff T R, Warren SC, and Williams MG.”  
Source: “Journal of Manipulative Physiological Therapeutics 2016;39:311-317” 
 
This single exposure cohort study compared spinal manipulation performance, in 
chiropractic students, before and after a 12-week detraining period. This study was 
conducted at the Canadian Memorial Chiropractic College (CMCC), and institutional 
ethics approval was obtained from the CMCC Research Ethics Board (1304X05). 
Eligible participants were chiropractic students, near the end of their First-year, and 
available for the follow-up data collection. Participants were excluded if they were 
suffering from personal injuries, prohibiting them from performing the manipulations or 
incomplete data sets.  
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The characteristics of this study are summarised and available in Table 4.1. The 
comprehensive report of the study is available in the Data extraction (Appendix F). 
 
The “Modified Risk of Bias in Non-randomised Studies – of Interventions (ROBINS-I) 
assessment tool” (Appendix B) was used to assess the findings from each domain and 
summarised in Table 4.7 and paired with similar findings from the “JBI Critical 
Appraisal Checklist for Quasi-Experimental Studies (non-randomised experimental 
studies)” (Appendix E) summarised in Table 4.8. The following is a narrative 
description of the key findings from each domain and checklist: 
 
The first domain was at “low risk” for confounding bias. The study reported that all 
participants were from the same year and course group, with a similar level of 
experience at baseline. There were no reported prognostic variables that predicted 
the intervention received by participants at baseline. All participants received an 
identical intervention, regardless of their characteristic differences. 
 
Selection bias in the second domain was “low risk”. The selection was based on 
convenience sampling and specified inclusion and exclusion criteria. The study 
reported that there was no control group, and the participants served as their own 
comparison. A large sample size of 125 participants was used in the study. 
 
The third domain, information bias (bias in classification of interventions), was at “low 
risk”. The intervention status was clearly defined and kept consistent across the 
groups. Participants had the opportunity to familiarise with the devices during the 
familiarisation phase. No control group for this study was used; the study reported that 
participants served as their own comparison. However, the study provided the 
necessary data to calculate effect measures for comparison. 
  
Bias due to deviations from intended interventions (performance bias) in the fourth 
domain was at “low risk”. A single exposure (intervention) was used in the study. The 
tasks for participants were randomised to reduce fatigue. Thrusts were targeted at the 
level of T9 for consistency. Data collection time was consistent for all participants. Two 
dates for data collection were provided, one in May 2013 and one in September 2013, 
in which all participants were measured.  
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Fifth domain was “low risk” for attrition bias. All data collected was usable; there were 
no missing or corrupt files in the data set.  
 
The sixth domain, bias in the outcomes measured (detection bias) was at “low risk”. 
The method of assessment was comparable for all participants within the study, and 
the HAM measuring device was reliable. All data was collected using MATLAB 
software (MATLAB; MathWorks, Natick, MA). A total of 167 participants started the 
trial, and only 125 participants finished. Paired student t-test indicated there was no 
significant difference between groups.  
 
The seventh domain was “low risk” for reporting bias; the results reported were based 
on the intended intervention and not excluded due to unfavourable results. The 
statistical analyses used was appropriate for the study design and corresponded with 
the topic.  
 
Table 4. 7 Study no. 2: Starmer et al. (2016) ROBINS-I assessment tool (Sterne 
et al., 2019) 
Study    2: Starmer et al. (2016) 


















“1.1. Is there potential for 
confounding of the effect 





Same year and course 
group similar level of 
experience at baseline 
1.2. Was the analysis 
based on splitting 
participants’ follow up time 
according to intervention 
received? 
No  
“1.3. Were intervention 
discontinuations or 
switches likely to be 
related to factors that are 









co nf ou nd
i
ng :  
“1.4. Was an appropriate 
method of analysis used?” 
Yes   
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“1.5. If Y to 1.4: Were the 
confounding domains 
reliable and valid for the 








controlled that could have 























“1.7. Did the authors use 
an appropriate analysis 
method that controlled for 
all the important 







“1.8. If Y/PY to 1.7: Were 
confounding domains that 
were controlled for 
measured validly and 
reliably by the variables 











“2.1. Was the selection of 
participants into the study 
(or into the analysis) based 
on participant 
characteristics observed 
after the start of 
intervention? 





no control group and 
the participants served 
as their own 
comparison. 
“2.2. If Y/PY to 2.1: Were 
the post-intervention 
variables that influenced 
selection likely to be 
associated with the 
intervention?” 
N/A   
“2.3 If Y/PY to 2.2: Were 
the post-intervention 
variables that influenced 
selection likely to be 
influenced by the outcome 
or a cause of the 
outcome?” 
N/A   
“2.4. Do the start of follow-
up and the start of 
intervention coincide for 
most participants?” 
Yes 
Measurements for all 
participants occurred 
within the same 
month. 
 66 
“2.5. If Y/PY to 2.2 and 
2.3, or N/PN to 2.4: Were 
adjustment techniques 
used that are likely to 
correct for the presence of 
selection biases?” 























“3.1 Were intervention 









“3.2 Was the information 
used to define intervention 
groups recorded at the 
start of the intervention?” 
Yes 
Participants were their 
own control group, 
Paired student t-test 
not significant. 
“3.3 Could classification of 
intervention status have 
been affected by 
knowledge of the outcome 




























“4.1. Were there deviations 
from the intended 
intervention beyond what 





Thrusts were targeted 
at the level of T9 for 
consistency; collection 
time was consistent, 
May 2013, September. 
“4.2. If Y/PY to 4.1: Were 
these deviations from 
intended intervention 
unbalanced between 
groups and likely to have 
affected the outcome?” 
















“5.1 Were outcome data 







started only 125 
participants finished. 
“5.2 Were participants 
excluded due to missing 
data on intervention 
status?” 



















“6.1 Could the outcome 
measure have been 
influenced by knowledge 







“6.2 Were outcome 
assessors aware of the 
intervention received by 
study participants?” 
Yes   
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N/A   
“6.4 Were any systematic 
errors in the measurement 
of the outcome related to 
the intervention received?” 
No 
All data collected was 
usable; there were no 
missing or corrupt files 























“Is the reported effect 
estimate likely to be 
selected, based on the 
results, from...” 
      
“7.1. ... multiple outcome 









technology was used 
for all data collection. 
“7.2 ... multiple analyses of 
the intervention-outcome 
relationship?” 
    
“7.3 ... different 
subgroups?”    
Overall judgement Low Risk 
“Institutional ethics 
approval was obtained 





Table 4. 8 Study no. 2: Starmer et al. (2016) Critical appraisal results for 
included studies using the JBI Critical Appraisal Checklist for Quasi-
Experimental Studies (JBI, 2019) 
 Study no. 
and 
citation 2: Starmer et al. (2016) 
Title 
  
“Changes in manipulative peak force modulation and time to peak 
thrust among first-year chiropractic students following a 12-week 
detraining period” 
Q1 Cause and Effect variable  Y 
Q2 Participants from a comparable source population Y 
Q3 Comparable in all but intervention Y 
Q4 Control group N 
Q5 multiple outcome measurements Y 
Q6 Follow up complete or if not adequately analysed Y 
Q7 Outcome Measurement via comparison Y 
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Q8 Outcome Measurement reliable Y 
Q9 statistical analysis used Y 
Overall 
Appraisal    Included 
 
 
4.3.5 Study no. 3: Triano et al. (2015)  
Title: “Consistency and malleability of manipulation performance in experienced 
clinicians: a pre-post experimental design.”   
Authors: “Triano JJ, Giuliano D, Kanga I, Starmer D, Brazeau J, Screaton CE and 
Semple C.” 
Source: “Journal Manipulative Physiological Therapeutics 2015;38:407-415” 
 
This cohort study, which consisted of a pre-post experimental design, was aimed at 
evaluating experienced chiropractors’ stability during a spinal manipulation 
performance and their ability to adapt to random target levels in a short training 
duration. Baseline, pre- and post-test measurements were obtained for each 
participant after a 2-hour training session of manipulations onto a custom foam human 
analogue mannequin (HAM) combined with technology-assisted coaching and visual 
feedback. This study was conducted at the Canadian Memorial Chiropractic College 
(CMCC), and institutional ethics approval was obtained from the research ethics board 
(REB#1411X04). Eligible participants were chiropractors with a minimum of five years 
of clinical experience. Participants were excluded if they had prior training with 
technology-assisted devices or were suffering from an injury that would interfere with 
their ability to perform spinal manipulations. 
 
The characteristics of this study are summarised and available in Table 4.1. The 
comprehensive report of the study is available in the Data extraction (Appendix F). 
 
The “Modified Risk of Bias in Non-randomised Studies – of Interventions (ROBINS-I) 
assessment tool” (Appendix B) was used assess the findings (Table 4.9) and was 
paired with similar findings using the “JBI Critical Appraisal Checklist for Quasi-
Experimental Studies (non-randomised experimental studies)” (Appendix E) in Table 




The first domain was at “low risk” for confounding bias. The study reported that the 
participants were recruited with convenience sampling.  
 
Selection bias in the second domain was at “low risk”. Complete datasets were used. 
Characteristic description for all participants was obtained at the initial session, which 
included weight, height, body mass index and clinical experience. No control group for 
this study was used as the participants served as their own comparison. A moderate 
sample size of 41 participants was used in the study. 
 
The third domain, information bias (bias in classification of interventions), was at “low 
risk”. Explicit inclusion and exclusion criteria were stated. The intervention status was 
clearly defined and kept consistent across the groups.  
 
Bias due to deviations from intended interventions in the fourth domain was at “low 
risk”. A consistent intervention procedure was utilised throughout the study; 
participants chose their manoeuvre at the start of the study and kept consistent 
throughout the study. Evidence suggested that the participants in the group were 
treated identically. A marked target site at the T9 vertebral analogue ensured that the 
intervention location remained consistent and appropriate randomisation of the 
sequence was used to minimise the likelihood of order effects. 
 
Fifth domain was “low risk” for attrition bias. A total of forty-one chiropractic 
chiropractors gave consent to participate. The study reported no differences on any 
parameter based on status. The small group size was accepted as a representative of 
the group. Two participants failed the inclusion criteria, and the third participant 
withdrew from the study. Exploratory secondary analysis using 1-tailed student t-test 
was insignificant.  
 
The sixth domain, bias in the outcomes measured (detection bias) was at “low risk”. 
The method of assessment was comparable for all participants within the study. The 
order of procedure for participants was randomised and measured reliably. All data 
was collected using a high-fidelity force-sensing treatment table system with a 
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mannequin. Outcome assessments were measured in a reliable way, which included 
baseline, pre-training and post-training assessments. 
 
The seventh domain was “low risk” for reporting bias. The results of the study were 
based on the intended intervention and not excluded due to unfavourable results. The 
statistical analyses used was appropriate for the study design and corresponded with 
the topic (STATA, ICC and exploratory secondary analysis) 
 
Table 4. 9 Study no. 3: Triano et al. (2015) ROBINS-I assessment tool (Sterne et 
al., 2019) 
Study    3: Triano et al. (2015)  

















:   
“1.1. Is there 
potential for 
confounding of the 
effect of the 





Equal intervention, 1 group, 
convenience sampling 
“1.2. Was the 
analysis based on 
splitting 
participants’ follow 
up time according 






switches likely to 
be related to 
factors that are 














“1.4. Was an 
appropriate 





Complete data sets were used; 
Height, weight, age and 
experience level differences were 
addressed. 
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and valid for the 
variables available 
in this study?” 





could have been 























“1.7. Did the 
authors use an 
appropriate 
analysis method 
that controlled for 
all the important 
confounding 






No significance on paired student 
t-test 
“1.8. If Y/PY to 1.7: 
Were confounding 
domains that were 
controlled for 
measured validly 
and reliably by the 
variables available 











“2.1. Was the 
selection of 
participants into 





observed after the 
start of 
intervention? 





One group, convenience 
sampling, explicit inclusion and 
exclusion criteria  
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selection likely to 
be associated with 
an intervention?” 
N/A   





selection likely to 
be influenced by 
the outcome or a 
cause of the 
outcome?” 
N/A   
“2.4. Do the start 
of follow-up and 
the start of 
intervention 
coincide for most 
participants?” 
Yes Consistent start and follow-ups dates  
“2.5. If Y/PY to 2.2 
and 2.3, or N/PN 
to 2.4: Were 
adjustment 
techniques used 
that are likely to 
correct for the 
presence of 
selection biases?” 






























Procedure kept consistent  




groups recorded at 









knowledge of the 




























“4.1. Were there 




would be expected 




T9 vertebral analogue marked 
target sites were used for 
consistency in interventions 
measurements.  







and likely to have 
affected the 
outcome?” 














 “5.1 Were 
outcome data 






41 original participants, 38 
participants followed through 
“5.2 Were 
participants 
excluded due to 




Exploratory secondary analyses 
performed; ICC, STATA, A 1-

































of the intervention 
received by study 
participants?” 
Yes A high-fidelity force-sensing treatment table system 
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N/A Randomisation of the order of procedure.  





related to the 
intervention 
received?” 






















 “Is the reported 
effect estimate 
likely to be 
selected, based on 
the results, from...” 
      
“7.1. ... multiple 
outcome 
measurements 





Pre-test post-test measurements 
were compared. 
“7.2 ... multiple 




N/A   
“7.3 ... different 
subgroups?” 
N/A   
Overall judgement Low Risk 
“Canadian Memorial Chiropractic 
College (CMCC) approved by the 






Table 4. 10 Study no. 3: Triano et al. (2015) Critical appraisal results for 
included studies using the JBI Critical Appraisal Checklist for Quasi-
Experimental Studies (JBI, 2019) 
 Study no. 
and citation 3: Triano et al. (2015)  
Title 
“Consistency and malleability of manipulation performance in 
experienced clinicians: a pre-post experimental design” 
Q1 Cause and Effect variable  Y 
Q2 Participants from a comparable source population Y 
Q3 Comparable in all but intervention Y 
Q4 Control group N 
Q5 multiple outcome measurements Y 
Q6 Follow up complete or if not adequately analysed Y 
Q7 Outcome Measurement via comparison Y 
Q8 Outcome Measurement reliable Y 
Q9 statistical analysis used Y 
Overall 
Appraisal    Included 
 
4.3.6 Study no. 4: Loranger et al. (2016) 
Title: “Correlation of expertise with error detection skills of force application during 
spinal manipulation learning”   
Authors: “Triano JJ, Giuliano D, Kanga I, Starmer D, Brazeau J, Screaton CE and 
Semple C.” 
Source: “Journal of Chiropractic Education 2016;30(1):1–6 DOI 10.7899/JCE-15-4” 
 
This single exposure cohort study aimed at determining whether error detection skills 
during simulation of spinal manipulations improve with expertise. A once-off 
assessment was obtained after a brief training period (15–20 minutes). This study 
received ethics approval from the Committee Research Involving Humans at 
“Université du Québec à Trois-Rivières (CER-14-201-07.17)”. Eligible participants 
were chiropractic students in their 1st year, 3rd year, 4th year and 5th year of study 
and qualified chiropractors with a minimum of two years of clinical experience. No 
exclusion criteria were specified in the study. 
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The characteristics of this study are summarised and available in Table 4.1. The 
comprehensive report of the study is available in the Data extraction (Appendix F). 
 
The “Modified Risk of Bias in Non-randomised Studies – of Interventions (ROBINS-I) 
assessment tool” (Appendix B) was used to assess the findings from each domain and 
summarised in Table 4.11 and paired with similar findings from the “JBI Critical 
Appraisal Checklist for Quasi-Experimental Studies (non-randomised experimental 
studies)” (Appendix E) summarised in Table 4.12. The following is a narrative 
description of the key findings from each domain and checklist: 
 
The first domain was at “low risk” for confounding bias. There were no reported 
prognostic variables that predicted the intervention received by participants at 
baseline. Participants were grouped according to their year of study (level of 
experience). The study reported that “no data was available to conduct a standard 
sample size calculation; the sample size estimate was based on similar studies 
investigating expertise in spinal manipulation.” A brief demographic survey based on 
body morphology and clinical experience was obtained at the baseline study.  
 
Selection bias in the second domain was at “low risk”. Clear inclusion and exclusion 
criteria were not stated. However, volunteers were recruited via convenience sampling 
within the chiropractic course. The course favours a “mixed pedagogical strategy” 
which includes body positioning and spinal manipulation practicing. All participants 
received equal intervention regardless of their group allocation. Participants from all 
ranges of expertise were included in the study, which was an accurate representation 
of a full spectrum of spinal manipulation expertise levels. Characteristic description for 
all participants was obtained at the initial session, which included age, weight, height, 
years of training and years of clinical experience. Complete datasets were used, and 
no participants were excluded. A sample size of 63 participants was used in the study. 
 
The third domain, information bias (bias in classification of interventions), was at “low 
risk”. The intervention status was clearly defined and kept consistent across the 
groups. No control group for this study was used; the study reported that participants 
served as their own comparison. However, the study provided the necessary data to 
calculate effect measures for comparison.  
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Bias due to deviations from intended interventions (performance bias) in the fourth 
domain was at “low risk”. A single exposure (intervention) was used in the study. 
Identical task requirements and timeline of measurements were provided for all four 
groups and was kept consistent throughout the study. The measurements for all 
participants were completed within the same week and were conducted at the same 
institution. A demonstration of the intervention procedure was performed by one 
author to ensure consistency in the intervention. Furthermore, the same manipulation 
technique was used by all participants. Standard deviations for participants were 
calculated and averaged across groups to represent within-subject variability at pre-
test and post-test assessments. 
 
Fifth domain was at “unclear” for attrition bias. A total of sixty-three participants gave 
consent to participate, and the study did not report any incomplete data sets. There is 
not enough information to make a definite conclusion. A 1-way analysis of variance 
(ANOVA) test as well as partial eta-squared values were used to calculate the effect 
size of each variable individually. The study reported that the ANOVA (normal 
distribution of data and homogeneity of variances) were met. The analysis indicated 
significant between-group differences between the biomechanical parameters of 
spinal manipulation. Preload forces (F [3, 561] = 35.18, p < .0001, np2 = .15), time-to-
peak force values (F [3, 561] = 28.14, p < .0001, np2 = .13), thrust force significantly 
increased (F [3, 561] = 17.33, p < .0001, np2 = 09) and the rate of force application  
(F [3, 561] = 38.7, p < .0001, np2 = .17) were observed between First-year students 
and the other groups. 
 
The sixth domain, bias in the outcomes measured (detection bias) was at “low risk”. 
The method of assessment was comparable for all participants within the study. The 
order of procedure for participants was randomised and measured reliably. All data 
was collected using a computer connected device, contact point linked to a strain 
gauge. Outcomes were measured reliably; Once-off measurements with a brief 
training period (15–20 minutes). The study calculated and compared the mean error 
for peak force of each participant through three measures: “subjective error (SE), 
objective error (OE), and variable error (VE)” and reported that “no significant 
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between-group differences were found for any of the three variables of interest (for all, 
p > .05).”  
 
The seventh domain was “low risk” for reporting bias as the results reported were 
based on the intended intervention and not excluded due to unfavourable results. The 
statistical analyses used was appropriate for the study design and corresponded with 
the topic “Statistica 10 (StatSoft)”. 
 
Table 4. 11 Study no. 4: Loranger et al. (2016) ROBINS-I assessment tool 
(Sterne et al., 2019) 
Study    4: Loranger et al. (2016)  
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participant 
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selection likely to be 
associated with the 
intervention?” 
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selection likely to be 
influenced by the 
outcome or a cause of 
the outcome?” 
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2.4. Do start of follow-
up and start of 
intervention coincide 
for most participants? 
Yes Once off assessment 
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“2.5. If Y/PY to 2.2 
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Table 4. 12 Study no. 4: Loranger et al. (2016) Critical appraisal results for 
included studies using the JBI Critical Appraisal Checklist for Quasi-
Experimental Studies (JBI, 2019) 
 Study no. 
and citation 4: Loranger et al. (2016) 
Study 
  
“Correlation of expertise with error detection skills of force 
application during spinal manipulation learning” 
Q1 Cause and Effect variable  Y 
Q2 Participants from a comparable source population Y 
Q3 Comparable in all but intervention Y 
Q4 Control group N 
Q5 multiple outcome measurements Y 
Q6 Follow up complete or if not adequately analysed Y 
Q7 Outcome Measurement via comparison Y 
Q8 Outcome Measurement reliable Y 
Q9 statistical analysis used Y 
Overall 
Appraisal    Included 
 
4.3.7 Study no. 5: Owens et al. (2016) 
Title: “Establishing force and speed training targets for lumbar spine high-velocity, 
low-amplitude chiropractic adjustments.”   
Authors: “Owens EF, Russell BS, Hosek RS, Sullivan SGB, Dever LL and Mullin EL.” 
Source: “Journal Chiropractic Education 2016;30(1):7–13 DOI 10.7899/JCE-15-5” 
 
This single exposure cohort study compared the biomechanical parameters of light, 
normal and heavy force manipulations to establish training targets for lumbar spine 
manipulations. The study aimed to define target parameters during a spinal 
manipulation for students to aim towards, using their instructors as expert models. 
Once-off measurements (30-minute data-recording session) and a follow up survey 
were obtained for each participant. This study received ethics approval from Life 
University (number not stated). Eligible participants were faculty members that teach 
spinal manipulation at the Life University. Participants were excluded if they did not 
sign the consent form.  
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The characteristics of this study are summarised and available in Table 4.1. The 
comprehensive report of the study is available in the Data extraction (Appendix F). 
 
The “Modified Risk of Bias in Non-randomised Studies – of Interventions (ROBINS-I) 
assessment tool” (Appendix B) was used to assess the findings from each domain and 
summarised in Table 4.13 and paired with similar findings from the “JBI Critical 
Appraisal Checklist for Quasi-Experimental Studies (non-randomised experimental 
studies)” (Appendix E) summarised in Table 4.14. The following is a narrative 
description of the key findings from each domain and checklist: 
 
The first domain was at “low risk” for confounding bias. There were no reported 
prognostic variables that predicted the intervention received by participants at 
baseline. Brief demographic survey based on body morphology and practice 
experience was obtained at the baseline study. 
 
Selection bias in the second domain was at “moderate risk”. Inclusion and exclusion 
criteria were stated. Participants volunteered using convenience sampling. There was 
only one group, and all participants received the same single exposure intervention, 
but the interventions sequence was randomised. Complete datasets were used, and 
all were subjected for analysis. All participants were familiar with the techniques 
utilised in the intervention status. The study kept the participants anonymous to 
prevent association of participants with their data. Characteristic description for all 
participants was obtained at the initial session, which included: weight, height, years 
in practice and years of teaching. However, a small sample size of eleven participants 
was used in the study, which weakens credibility of the results. 
 
The third domain, information bias (bias in classification of interventions), was at “low 
risk”. The intervention was clearly defined and a demonstration of the intervention was 
provided at baseline. No control group for this study was used as the participants 
served as their own comparison. However, the study provided the necessary data to 
calculate effect measures for comparison. 
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Bias due to deviations from intended interventions (performance bias) in the fourth 
domain was at “low risk”. Task requirements were identical for all participants. 
However, the sequence of procedures (listings) were randomised for all participants 
to minimise the influence of fatigue on the data collection. The Gonstead chiropractic 
manipulation technique was used in the study to ensure consistency and that all 
participants were familiar with it. All measurements were performed within two weeks, 
and characteristics were obtained using a demographic survey. 
 
Fifth domain was “moderate risk” for attrition bias. A total of eleven participants 
consented to participate in the study, with no incomplete data sets reported. 
Completed thrust measurements were obtained and used in the analysis. Only 54% 
of the participants completed the post-study survey. Therefore, the survey is not an 
accurate representation of the entire group.  
 
The sixth domain, bias in the outcomes measured (detection bias) was at “low risk” for 
the prone manipulation intervention but was unclear for the side posture intervention. 
The method of assessment was comparable for all participants within the study. 
However, the study reported a limiting factor. During the side posture manipulations, 
forces were not purely directed through the participants’ hands, but also transferred 
through their hips. The percentage of these forces are unknown. The order of 
procedure for participants was randomised and measured reliably, therefore ensuring 
the detection bias was at “low risk”. All data was collected using a flat adjusting bench 
with an isolated force plate incorporated and a target mannequin. Outcomes were 
measured reliably; Once-off measurements (30-minute data-recording session) and a 
follow-up survey were obtained for each participant. The analysis was performed using 
a “custom-designed and programmed software tool written in Microsoft Visual BASIC”. 
The mean preloads, peak loads, and thrust rates for each listing with standard 
deviations were provided. 
 
The seventh domain was “low risk” for reporting bias as the results reported were 
based on the intended intervention and not excluded due to unfavourable results. The 
statistical analyses used was appropriate for the study design and corresponded with 
the topic. Descriptive statistical analyses were performed on the thrust parameters 
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obtained and calculated factors to determine means and standard deviation of each 
participant at each listing and thrust level. 
 
Table 4. 13 Study no. 5: Owens et al. (2016) ROBINS-I assessment tool (Sterne 
et al., 2019) 
Study    5: Owens et al. (2016) 
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go to 2.4.” 
No Low Risk 
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reported anonymity 
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“7.2 ... multiple 




N/A   
“7.3 ... different 
subgroups?” N/A   
Overall judgement Moderate Risk 
“The institutional review board of 
Life University approved the 
study proposal and consent 
form.” (No ethics clearance 
number stated)  
 
 
Table 4. 14 Study no. 5: Owens et al. (2016) Critical appraisal results for 
included studies using the JBI Critical Appraisal Checklist for Quasi-
Experimental Studies (JBI, 2019) 
 Study no. and 
citation 5: Owens et al. (2016) 
Title 
“Establishing force and speed training targets for lumbar spine 
high-velocity, low-amplitude chiropractic adjustments” 
Q1 Cause and Effect variable  Y 
Q2 
Participants from the comparable source 
population Y 
Q3 Comparable in all but intervention Y 
Q4 Control group N 
Q5 multiple outcome measurements Y 
Q6 
Follow up complete or if not adequately 
analysed Y 
Q7 Outcome Measurement via comparison Y 
Q8 Outcome Measurement reliable Y 
Q9 statistical analysis used Y 
Overall 
Appraisal    Included 
 
4.3.8 Study no. 6: Shannon et al. (2019) 
Title: “High-velocity, low-amplitude spinal manipulation training of prescribed forces 
and thrust duration: A pilot study.” 
Authors: “Shannon ZK, Vining RD, Gudavalli MR, Boesch RJ.” 
Source: “Journal Chiropractic Education 2019;00(0):000–000 DOI 10.7899/JCE-18-
19” 
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This single exposure cohort pilot study was aimed at assessing a standardised training 
plan for the delivery of HVLA spinal manipulation thrusts targeting prescribed peak 
force and thrust duration parameters and describing the retention of these skills. 
Baseline and post-training assessments were obtained after a four-week training 
period, as well as retention assessments for eight weeks after the training period. This 
study received ethics approval from the Palmer College institutional review board (no 
ethics clearance number stated).” Eligible participants were college faculty and staff 
chiropractors and chiropractic students in the “seventh or eighth trimester of a 10-
trimester professional program” at the time of recruitment. This student population was 
based on availability after the intervention. Participants were excluded if they had prior 
training in with the augmented devices, a past or present injury that interfered with the 
intervention, or a plan to move from the local area within three months after the training 
session.  
 
The characteristics of this study are summarised and available in Table 4.1. The 
comprehensive report of the study is available in the Data extraction (Appendix F). 
 
The “Modified Risk of Bias in Non-randomised Studies – of Interventions (ROBINS-I) 
assessment tool” (Appendix B) was used to assess the findings from each domain and 
summarised in Table 4.15 and paired with similar findings from the “JBI Critical 
Appraisal Checklist for Quasi-Experimental Studies (non-randomised experimental 
studies)” (Appendix E) summarised in Table 4.16. The following is a narrative 
description of the key findings from each domain and checklist: 
 
The first domain was at “low risk” for confounding bias. There were no reported 
prognostic variables that predicted the intervention received by participants at 
baseline. Brief demographic survey based on body morphology and year of study was 
obtained at the baseline.  
 
Selection bias in the second domain was at “moderate risk”. Explicit inclusion and 
exclusion criteria were stated, and participants were recruited using convenience 
sampling. Volunteers were based on availability and had minimal educational 
experience in motor skill training. Complete datasets were used, and “model 
assumptions” were verified using “exploratory data analysis.” It is unclear what the full 
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spectrum of spinal manipulation expertise levels are, as only a small range of 
participants (“seventh or eighth trimester of a 10-trimester professional program”) were 
included in the study. Characteristic description for all participants was obtained at the 
initial session, which included: age, race, ethnicity, height, weight, current trimester, 
clinical experience and patient treatment frequency. However, a small sample size of 
sixteen participants was used in the study, which weakens the credibility of the results. 
 
The third domain, information bias (bias in classification of interventions), was at “low 
risk”. The intervention status was clearly defined and kept consistent across the 
groups. Participants were provided with a familiarisation period. The study reported 
that the absence of a control group, limits the interpretation of the results. A 
demonstration of the intervention procedure (bilateral thenar contact) and orientation 
of the training room was provided. 
 
Bias due to deviations from intended interventions (performance bias) in the fourth 
domain was at “low risk”. A single exposure (intervention) was used in the study. 
Identical task requirements and timeline of assessments were provided for all 
participants and was kept consistent throughout the study. The assessments for all 
participants were obtained at baseline and immediately after training. Further 
assessments were taken after the four-week training period, one week, four weeks 
and eight weeks after the training period. These were consistent for all participants.  
Descriptive statistics were calculated using “SPSS (v21.0), which included “counts, 
means, and standard deviations for normally distributed variables, and median and 
interquartile range (IQR) for non-normally distributed variables.” The training program 
was consistent, participants could complete the training sessions in their own time 
within four weeks from the baseline assessments. Palmer Center for Chiropractic 
Research was used for all training. The participants were accompanied by a single 
study team member to ensure that training was consistent and performed accurately.  
 
Fifth domain was “low risk” for attrition bias. A total of sixteen participants enrolled 
(eight chiropractors and eight chiropractic students, half of each group female), “14 
completed all five assessments, one participant missed the 4- and 8-week post-
training assessments due to an adverse event, while another missed assessment 
immediately, one and four weeks after training due to scheduling conflicts. The 
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incomplete data sets were verified with model assumptions using exploratory data 
analysis.” 
 
The sixth domain, bias in the outcomes measured (detection bias) was at “low risk”. 
The method of assessment was comparable for all participants within the study. The 
order of procedure for participants was randomised and measured in a reliable way 
“Motion Monitor software” and a “16-bit analogue-to-digital system” was used for data 
capturing. Participants were blind to forces recorded, and all participants had a 
practice period prior to the assessments, which was immediately followed by the 
baseline assessment. 
 
The seventh domain was “low risk” for reporting bias as the results reported were 
based on the intended intervention and not excluded due to unfavourable results. The 
statistical analyses used was appropriate for the study design and corresponded with 
the topic (SPSS).  
 
Table 4. 15 Study no. 6: Shannon et al. (2019) ROBINS-I assessment tool 
(Sterne et al., 2019) 
Study    6: Shannon et al. (2019) 
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groups performed the same 
procedures and were 
compared to themselves.  
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“3.2 Was the 
information used to 
define intervention 
groups recorded at 
the start of the 
intervention?” 
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the outcome?” 
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“7.3 ... different 
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Palmer College 
institutional review board 
 
 
Table 4. 16 Study no. 6: Shannon et al. (2019) Critical appraisal results for 
included studies using the JBI Critical Appraisal Checklist for Quasi-
Experimental Studies (JBI, 2019) 
 Study no. 
and citation 6: Shannon et al. (2019) 
Study 
  
“High-velocity, low-amplitude spinal manipulation training of 
prescribed forces and thrust duration: A pilot study.”  
Q1 Cause and Effect variable  Y 
 98 
Q2 Participants from a comparable source population Y 
Q3 Comparable in all but intervention Y 
Q4 Control group N 
Q5 multiple outcome measurements Y 
Q6 Follow up complete or if not adequately analysed Y 
Q7 Outcome Measurement via comparison Y 
Q8 Outcome Measurement reliable Y 
Q9 statistical analysis used Y 
Overall 
Appraisal    Included 
 
4.3.9 Study no. 7: Pasquier et al. (2019) 
Title: “Learning spinal manipulation: gender and expertise differences in 
biomechanical parameters, accuracy, and variability.”    
Authors: “Pasquier M, Barbier-Cazorla F, Audo Y, Descarreaux M, Lardon A.” 
Source: “Journal Chiropractic Education 2019;33(1):1–7 DOI 10.7899/JCE-18-7” 
 
This single exposure cohort study was aimed at evaluating the effect of expertise and 
gender differences, on the biomechanical parameters, as well as force accuracy, and 
variability of chiropractic students learning spinal manipulations. Once-off 
measurements were obtained for each participant. The study took place at two Institut 
Franco-Européen de Chiropraxie campuses. Ethical approval was granted by the 
“Comité éthique Institut Franco-Européen de Chiropraxie (certification number: CE 
2017-08-25).” “Eligible participants were chiropractic students in their fourth and fifth 
year of study. Participants were excluded if they presented with any pain or disability 
that would limit their ability to perform the spinal manipulations on the day of 
assessment.” 
 
The characteristics of this study are summarised and available in Table 4.1. The 
comprehensive report of the study is available in the Data extraction (Appendix F). 
 
The “Modified Risk of Bias in Non-randomised Studies – of Interventions (ROBINS-I) 
assessment tool” (Appendix B) was used to assess the findings from each domain and 
summarised in Table 4.17 and paired with similar findings from the “JBI Critical 
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Appraisal Checklist for Quasi-Experimental Studies (non-randomised experimental 
studies)” (Appendix E) summarised in Table 4.18. The following is a narrative 
description of the key findings from each domain and checklist: 
 
The first domain was at “low risk” for confounding bias. There were no reported 
prognostic variables that predicted the intervention received by participants at 
baseline. Participants had a similar level of education at baseline. Both groups had 
completed the curriculum’s chiropractic technique training, but fifth-year students had 
one year of clinical training as well. Brief demographic information regarding age and 
gender was obtained. “The study reported that all variables of the participants were 
found to be normally distributed and have homogeneous variances.” 
 
Selection bias in the second domain was at “low risk”. Explicit inclusion and exclusion 
criteria were stated. Participants were allocated into two groups for analysis based on 
their year of study: fourth-year group and fifth-year group. A large sample size of 137 
participants was used in the study. 
 
The third domain, information bias (bias in classification of interventions), was at “low 
risk”. A clear description of the intervention was provided and kept consistent across 
the groups. All participants performed the same procedure, and a familiarisation period 
was included before assessments for participants to become accustomed to the 
device and procedure.  
 
Bias due to deviations from intended interventions (performance bias) in the fourth 
domain was at “low risk”. A single exposure (intervention) was used in the study. 
Identical task requirements and timeline of assessments were followed for both 
groups. No control group was used in this study; participants served as their own 
comparison. The instructors explained the technique and procedure at the first training 
session. Two separate assessment areas were used, which could cause potential 
differences in setup and study flow. However, instructions were standardised to limit 
bias. 
 
Fifth domain was at “low risk” for attrition bias. “Normality of data sets was verified 
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by visual inspection and the” “Shapiro-Wilks test”. A total of 136 participants were 
initially included, the study did not report any incomplete data sets.  
 
The sixth domain, bias in the outcomes measured (detection bias) was at “low risk”. 
The method of assessment was comparable for all participants within the study. All 
data was collected using a mannequin (HAM) on a treatment table with an embedded 
force plate. Outcomes were measured reliably; Once-off measurements with a brief 
familiarisation period. A 2-way analysis of variance factors was used for the analysis 
of force-time profiles.  
 
The seventh domain was “low risk” for reporting bias. The results reported were based 
on the intended intervention and not excluded due to unfavourable results. The 
statistical analyses used was appropriate for the study design and corresponded with 
the topic. “The constant error (CE), the absolute error (AE), and the variable error (VE) 
were calculated for each participant considering a 450-N peak-force target.” 
 
Table 4. 17 Study no. 7: Pasquier et al. (2019) ROBINS-I assessment tool 
(Sterne et al., 2019) 
Study    7: Pasquier et al. (2019) 
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“2.1. Was the selection 
of participants into the 
study (or into the 
analysis) based on 
participant 
characteristics observed 
after the start of 
intervention? 




grouped according to 
the experience level, 
and characteristics 
were obtained for 
each group. 
“2.2. If Y/PY to 2.1: Were 
the post-intervention 
variables that influenced 
selection likely to be 
associated with the 
intervention?” 
N/A   
“2.3 If Y/PY to 2.2: Were 
the post-intervention 
variables that influenced 
selection likely to be 
influenced by the 
outcome or a cause of 
the outcome?” 
N/A   
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“2.4. Do the start of 
follow-up and the start of 
intervention coincide for 
most participants?” 
Yes  
“2.5. If Y/PY to 2.2 and 
2.3, or N/PN to 2.4: Were 
adjustment techniques 
used that are likely to 
correct for the presence 
of selection biases?” 























“3.1 Were intervention 
groups clearly defined?” Yes 
Low Risk 
Familiarisation period 
“3.2 Was the information 
used to define 
intervention groups 
recorded at the start of 
the intervention?” 
Yes Standardised instruction document  
“3.3 Could classification 
of intervention status 
have been affected by 
knowledge of the 
outcome or risk of the 
outcome?” 


























“4.1. Were there 
deviations from the 
intended intervention 
beyond what would be 




136 participants all 
data sets included 
“4.2. If Y/PY to 4.1: Were 
these deviations from 
intended intervention 
unbalanced between 
groups and likely to have 




were used, potential 
differences in setup 
and study flow. 
However, instructions 

















“5.1 Were outcome data 




“Normality of data sets 
was verified by visual 
inspection and the 
Shapiro-Wilks test.” 
“5.2 Were participants 
excluded due to missing 
data on intervention 
status?” 


















: “6.1 Could the outcome 
measure have been 
influenced by knowledge 
of the intervention 
received?” 
No Low Risk A 2-way analysis  
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“6.2 Were outcome 
assessors aware of the 
intervention received by 
study participants?” 
Yes   
“6.3 Were the methods 
of outcome assessment 
comparable across 
intervention groups?” 
N/A All participants used the same device. 
“6.4 Were any 
systematic errors in the 
measurement of the 

























“Is the reported effect 
estimate likely to be 
selected, based on the 
results, from...” 
      
“7.1. ... multiple outcome 





“7.2 ... multiple analyses 
of the intervention-
outcome relationship?” 
N/A   
“7.3 ... different 
subgroups?” N/A   








Table 4. 18 Study no. 7: Pasquier et al. (2019) Critical appraisal results for 
included studies using the JBI Critical Appraisal Checklist for Quasi-
Experimental Studies (JBI, 2019) 
 Study no. 
and citation 7: Pasquier et al. (2019) 
Title 
“Learning spinal manipulation: gender and expertise differences in 
biomechanical parameters, accuracy, and variability*”   
Q1 Cause and Effect variable  Y 
Q2 Participants from a comparable source population Y 
Q3 Comparable in all but intervention Y 
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Q4 Control group N 
Q5 multiple outcome measurements Y 
Q6 Follow up complete or if not adequately analysed Y 
Q7 Outcome Measurement via comparison Y 
Q8 Outcome Measurement reliable Y 
Q9 statistical analysis used Y 
Overall 
Appraisal    Included 
 
4.3.10 Study no. 8: Descarreaux et al. (2015) 
Title: “Learning spinal manipulation: the effect of expertise on transfer capability”  
Authors: “Descarreaux M, Dugas C, Treboz J, Cheron C and Nougarou F.” 
Source: “Journal Manipulative Physiological Therapeutics 2015;38:269-274” 
 
This cohort study was aimed at evaluating if expertise in spinal manipulation, assessed 
in groups of students and experienced chiropractors, is associated with increased 
transfer capabilities. The “intervention consisted of a brief (15 minutes) experimental 
session.” Ethical approval for this study was provided by University du Québec à Trois-
Rivières ethics committee (CER-14-201-07.17). “Eligible participants were 
chiropractic students in their fifth and sixth-year, and experienced chiropractors with 
clinical post-graduation experience ranging from two to 26 years of clinical practice. 
Exclusion criteria were not specified.” 
 
The characteristics of this study are summarised and available in Table 4.1. The 
comprehensive report of the study is available in the Data extraction (Appendix F). 
 
The “Modified Risk of Bias in Non-randomised Studies – of Interventions (ROBINS-I) 
assessment tool” (Appendix B) was used to assess the findings from each domain and 
summarised in Table 4.19 and paired with similar findings from the “JBI Critical 
Appraisal Checklist for Quasi-Experimental Studies (non-randomised experimental 
studies)” (Appendix E) summarised in Table 4.20. The following is a narrative 
description of the key findings from each domain and checklist: 
 
The first domain was at “low risk” for confounding bias. Forty-nine participants 
volunteered through convenience sampling. There were no reported prognostic 
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variables that predicted the intervention received by participants at baseline. 
Participants were grouped based on their year of study and clinical experience. 
Participants in Group one was all fifth-year students who had previously completed 
three years of supervised spinal manipulation training. Participants in Group two were 
sixth-year students with four years of supervised spinal manipulation training, and one 
year of supervised clinical practice. Participants in Group three were all experienced 
chiropractors with clinical post-graduation experience ranging from two to twenty-six 
years of clinical practice. 
 
Selection bias in the second domain was at “moderate risk”. Specific inclusion and 
exclusion criteria were stated. All participants received equal intervention regardless 
of group allocation. All assessments were performed during a brief (15 minutes) 
experimental session conducted in the institution’s research laboratory. The study 
reported that the range of expertise chosen does not represent the full spectrum of 
spinal manipulation expertise levels, as true novices (first- to fourth-year students) 
were not included. Characteristic description for all participants was obtained at the 
initial session, which included height, weight, and body mass index. Complete 
datasets were used, and no participants were excluded. A sample size of forty-nine 
participants was used in the study. 
 
The third domain, information bias (bias in classification of interventions), was at “low 
risk”. The intervention status was clearly defined and kept consistent across the 
groups. No control group for this study was used; the study reported that participants 
served as their own comparison. However, the study provided the necessary data to 
calculate effect measures for comparison. 
 
Bias due to deviations from intended interventions (performance bias) in the fourth 
domain was at “low risk”. All task requirements and all instructions provided to the 
participants were identical for all three groups of participants. The intervention 
included ten consecutive thoracic spine manipulations on an instrumented device 
using a “prone unilateral hypothenar transverse push manipulation”. A posterior to 
anterior force vector was used with either a left or a right contact and a body positioning 
of the participant’s choice.  
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Fifth domain was at “low risk” for attrition bias. A total of forty-nine participants gave 
consent to participate, and the study did not report any incomplete data sets. A one-
way analysis of variance (ANOVAs) was used to compare characteristics across 
groups. A 2-way mixed-model ANOVA was used to compare each performance 
variable across conditions and experience. All parameters were analysed for each 
trial, and each participant. “The data were then used to calculate time-to-peak force 
(thrust duration) and the rate of the force application.” 
 
The sixth domain, bias in the outcomes measured (detection bias) was at “low risk”. 
The method of assessment was comparable for all participants within the study. The 
order of procedure for participants was randomised and measured reliably. All data 
was collected using a computer-connected device, developed to emulate a spinal 
manipulation and to record force-time profiles. Outcomes were measured reliably; 
Once-off measurements with a brief training period (15–20 minutes). The study 
calculated and compared the Group mean (SE) values for thrust duration, thrust force, 
rate of force application, and preload force for all three experimental conditions. 
 
The seventh domain was “low risk” for reporting bias as the results reported were 
based on the intended intervention and not excluded due to unfavourable results. The 
statistical analyses used was appropriate for the study design and corresponded with 





Table 4. 19 Study no. 8: Descarreaux et al. (2015) ROBINS-I assessment tool 
(Sterne et al., 2019) 
Study    8: Descarreaux et al. (2015) 













:   
“1.1. Is there 
potential for 
confounding of 





Characteristics were noted before 
the intervention.  




follow up time 
according to the 
intervention 
received?” 





likely to be 
related to 
factors that are 
prognostic for 
the outcome?” 


























valid for the 
variables 
available in this 
study?” 































“1.7. Did the 




controlled for all 
the important 
confounding 





Insufficient information, but 
assumed that all readings 
occurred around the same time 
period. 







reliably by the 
variables 












“2.1. Was the 
selection of 
participants into 






the start of 
intervention? 
If N/PN to 2.1: 
go to 2.4.” 
No Low Risk Groups based on experience 
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“2.2. If Y/PY to 










N/A   
“2.3 If Y/PY to 






to be influenced 
by the outcome 
or a cause of 
the outcome?” 
N/A   








“Participants were all tested 
during the same week during a 
brief (15–20 minutes) session 
conducted in the institution’s 
research laboratory.” 
“2.5. If Y/PY to 
2.2 and 2.3, or 




used that are 

































Yes Low Risk 
Pre-determined criteria and 
characteristics of groups 
obtained; averages determined 
according to the characteristics. 
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“3.2 Was the 
information 
used to define 
intervention 
groups 
recorded at the 
start of the 
intervention?” 







of the outcome 
or risk of the 
outcome?” 





































Intervention was constant 
 
“4.2. If Y/PY to 






and likely to 
have affected 
the outcome?” 














 “5.1 Were 
outcome data 
available for all, 




Complete datasets were used 
“5.2 Were 
participants 
excluded due to 
missing data on 
intervention 
status?” 





























ANOVAs was used to analyse 
variance. Computer-connected 









Yes   








N/A All participants used the same device 
“6.4 Were any 
systematic 
errors in the 
measurement 
of the outcome 

























 “Is the reported 
effect estimate 
likely to be 
selected, based 
on the results, 
from...” 
      









“7.2 ... multiple 




N/A   
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“7.3 ... different 
subgroups?” N/A   
Overall judgement Moderate Risk 
“University du Québec à Trois-
Rivières ethics committee 
(CER-14-201-07.17).” 
 
Table 4. 20 Study no. 8: Descarreaux et al. (2015) Critical appraisal results for 
included studies using the JBI Critical Appraisal Checklist for Quasi-
Experimental Studies (JBI, 2019) 
 Study no. and 
citation 8: Descarreaux et al. (2015) 
Title 
“Learning spinal manipulation: the effect of expertise on 
transfer capability” 
Q1 Cause and Effect variable  Y 
Q2 Participants from a comparable source population Y 
Q3 Comparable in all but intervention Y 
Q4 Control group N 
Q5 multiple outcome measurements Y 
Q6 Follow up complete or if not adequately analysed Y 
Q7 Outcome Measurement via comparison Y 
Q8 Outcome Measurement reliable Y 
Q9 statistical analysis used Y 
Overall Appraisal    Included 
 
4.3.11 Study no. 9: Van Geyt et al. (2017) 
Title: “Relationship between subjective experience of individuals, practitioner 
seniority, cavitation occurrence, and 3-dimensional kinematics during cervical spine 
manipulation.”  
Authors: “Van Geyt B, Dugailly PMA, De Page L and Feipel V.” 
Source: “Journal Manipulative Physiological Therapeutics (2017;40:643-648).” 
 
This single exposure cohort study was aimed at assessing the relationship between 
asymptomatic volunteers’ subjective experience of cervical manipulation, the impact 
of cavitation and the seniority of chiropractic practitioners. A once-off experimental 
session and analysis session with no follow-ups was obtained for each participant. 
Ethical approval for the study was provided by the Université Libre de Bruxelles ethics 
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board (P2017/378). Eligible participants were asymptomatic volunteers to serve as 
patients and qualified chiropractors. Exclusion criteria for the patients included red 
flags against cervical manipulation, a history of pain- or whiplash-associated 
disorders, signs of radiculopathy, a history of fracture of the cervical or upper thoracic 
spine and age younger than 18 years old. 
 
The characteristics of this study are summarised and available in Table 4.1. The 
comprehensive report of the study is available in the Data extraction (Appendix F). 
 
The “Modified Risk of Bias in Non-randomised Studies – of Interventions (ROBINS-I) 
assessment tool” (Appendix B) was used to assess the findings from each domain and 
summarised in Table 4.21 and paired with similar findings from the “JBI Critical 
Appraisal Checklist for Quasi-Experimental Studies (non-randomised experimental 
studies)” (Appendix E) summarised in Table 4.22. The following is a narrative 
description of the key findings from each domain and checklist: 
 
The first domain was at “low risk” for confounding bias. Participants volunteered by 
means of convenience sampling. Twenty asymptomatic subjects (nine females and 
eleven males; age range: 19-31 years), and four chiropractors with different seniority 
(1-20 years of practice) were recruited.  
 
Selection bias in the second domain was at “moderate risk”. Clear inclusion and 
exclusion criteria were stated. All participants received an equal intervention. This 
study was conducted parallel with a previous investigation on the 3-dimensional 
kinematics of cervical manipulation and the influence of practitioner and cavitation 
(Van Geyt, Dugailly, Klein, Lepers, Beyer and Feipel, 2017). However, a small sample 
size of twenty-four participants was used in the study, which weakens the credibility of 
the study.  
 
The third domain, information bias (bias in classification of interventions), was at “low 
risk”. The intervention was clearly defined and kept consistent across the participants 
with randomisation of the sequence of intervention to reduce fatigue. No control group 
for this study was used; the participants served as their own comparison. The 
intervention was pre-specified, with an adequate explanation of patient positioning and 
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execution of the spinal manipulation utilised in the intervention. The randomisation of 
vertebral levels of interest was provided. The study reported that no validated 
questionnaire was available relating to the subjective experience of individuals relative 
to manipulative approaches in the literature. Therefor an innovative questionnaire was 
developed to address these characteristics.  
 
Bias due to deviations from intended interventions (performance bias) in the fourth 
domain was at “low risk”. A single exposure intervention was used in the study. A 
reliable measurement device was used: instrumented spatial linkage. Identical task 
requirements and timeline of measurements were provided for all chiropractors and 
was kept consistent throughout the study. Clear instructions were provided for the 
requirements of the spinal manipulation and execution thereof.  
 
Fifth domain was “low risk” for attrition bias. Twenty asymptomatic subjects were 
sampled, and four chiropractors with different seniority (1-20 years of practice) were 
used. Divergent validity of both groups was ensured with ANOVA analysis and 
Pearson correlation. Correlation coefficients were assessed according to Cohen’s 
guidelines for the behavioural sciences. The study reported that only absolute factor 
loadings higher than 0.40 were considered in the interpretation of factor content. 
Missing values were replaced with mean values for the principal component analysis. 
Answers that were reported no-opinion in the survey were coded as missing valued 
and were not included in the statistical analysis, except for the principal component 
analysis. A “1-way analysis of variance” (ANOVA) was used to examine the divergent 
validity of the study. 
 
The sixth domain, bias in the outcomes measured (detection bias) was at “low risk”. 
The method of assessment was comparable for all participants within the study. All 
data was collected using a reliable instrumented spatial linkage (CA 6000 Spine 
Motion Analyser, OSI, Union City, California) and an innovative questionnaire, which 
was refined by clinicians and experts in manipulative therapeutics and 
musculoskeletal disorders. Outcomes were measured reliably; Descriptive Statistics 
and Factorial Analysis of ISE Data was performed; Divergent and Convergent Validity 
of the ISE Variables were assessed.  
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The seventh domain was “low risk” for reporting bias as the results reported were 
based on the intended intervention and not excluded due to unfavourable results. The 
statistical analyses used was appropriate for the study design and corresponded with 
the topic. The results reported in the study answer the aim of the study.  
 
Table 4. 21 Study no. 9: Van Geyt et al. (2017) ROBINS-I assessment tool 
(Sterne et al., 2019) 
Study    9: Van Geyt et al. (2017)  













:   
“1.1. Is there 
potential for 
confounding of 





Baseline equal in experience 




follow up time 
according to the 
intervention 
received?” 





likely to be 
related to 
factors that are 
prognostic for 
the outcome?” 

























valid for the 
variables 
available in this 
study?” 











Once-off study with no follow-up 
period required. The time period 





















“1.7. Did the 




controlled for all 
the important 
confounding 













reliably by the 
variables 












“2.1. Was the 
selection of 
participants into 






the start of 
intervention? 
If N/PN to 2.1: 
go to 2.4.” 
No Moderate Risk 
Inclusion and Exclusion criteria 
were pre-determined 
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“2.2. If Y/PY to 










N/A   
“2.3 If Y/PY to 






to be influenced 
by the outcome 
or a cause of 
the outcome?” 
N/A   
“2.4. Do the 
start of follow-






“2.5. If Y/PY to 
2.2 and 2.3, or 




used that are 

































Yes Low Risk 
Groups were pre-determined and 
clearly described at the start of 
the trial with demographics 
obtained. 
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“3.2 Was the 
information 
used to define 
intervention 
groups 
recorded at the 
start of the 
intervention?” 







of the outcome 
or risk of the 
outcome?” 







































“4.2. If Y/PY to 










The intervention was randomised 
and measured using validated 














 “5.1 Were 
outcome data 
available for all, 








excluded due to 
missing data on 
intervention 
status?” 






































Yes Reliable instrumented spatial linkage 









“6.4 Were any 
systematic 
errors in the 
measurement 
of the outcome 

























 “Is the reported 
effect estimate 
likely to be 
selected, on the 
basis of the 
results, from...” 
      








Principal component analysis 
“7.2 ... multiple 




N/A   
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“7.3 ... different 
subgroups?” N/A   
Overall judgement Moderate Risk Université Libre de Bruxelles ethics board (P2017/378), 
 
 
Table 4. 22 Study no. 9: Van Geyt et al. (2017) Critical appraisal results for 
included studies using the JBI Critical Appraisal Checklist for Quasi-




citation 9: Van Geyt et al. (2017)  
Title 
“Relationship between subjective experience of individuals, 
practitioner seniority, cavitation occurrence, and 3-dimensional 
kinematics during cervical spine manipulation”    
Q1 Cause and Effect variable  Y 
Q2 Participants from a comparable source population Y 
Q3 Comparable in all but intervention Y 
Q4 Control group N 
Q5 multiple outcome measurements Y 
Q6 Follow up complete or if not adequately analysed Y 
Q7 Outcome Measurement via comparison Y 
Q8 Outcome Measurement reliable Y 
Q9 statistical analysis used Y 
Overall 
Appraisal    Included 
 
 
4.3.12 Study no. 10: Pasquier et al. (2017)   
Title: “The effect of augmented feedback and expertise on spinal manipulation skills: 
an experimental study.”     
Authors: “Pasquier M, Cheron C, Dugas C, Lardon A, Descarreaux M.” 
Source: “Journal Manipulative Physiological Therapeutics (2017;40:404-410).” 
 
This single exposure cohort study, with experimental study design, was aimed at the 
“effect of augmented feedback and expertise on spinal manipulation amongst 
students”. Measurements for analysis were obtained at baseline, during the training 
period and post-training. The “Institut Franco-Européen de Chiropraxie Ethics 
Committee approved the ethics of the study (2016_02_26)”. Eligible participants were 
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chiropractic student in their first, third, and fifth year of study. Exclusion criteria for the 
study were not specified. 
 
The characteristics of this study are summarised and available in Table 4.1. The 
comprehensive report of the study is available in the Data extraction (Appendix F). 
 
The “Modified Risk of Bias in Non-randomised Studies – of Interventions (ROBINS-I) 
assessment tool” (Appendix B) was used to assess the findings from each domain and 
summarised in Table 4.23 and paired with similar findings from the “JBI Critical 
Appraisal Checklist for Quasi-Experimental Studies (non-randomised experimental 
studies)” (Appendix E) summarised in Table 4.24. The following is a narrative 
description of the key findings from each domain and checklist: 
 
The first domain was at “low risk” for confounding bias. There were no reported 
prognostic variables that predicted the intervention received by participants at 
baseline. Participants were all recruited, using convenience sampling, from the first-, 
third-, and fifth-year students from the same chiropractic course (group 1, 2 and 3, 
respectively). 
 
Selection bias in the second domain was at “low risk”. Clear inclusion and exclusion 
criteria were not stated. However, volunteers were recruited via convenience sampling 
within the chiropractic course. All participants received equal intervention regardless 
of the group allocation. Participants from all ranges of expertise were included in the 
study, which is an accurate representation of a full spectrum of spinal manipulation 
expertise levels. Characteristic description for all participants was obtained at the initial 
session, which included age, weight, height. Complete datasets were used, and no 
participants were excluded. A large sample size of 103 participants was used. 
 
The third domain, information bias (bias in classification of interventions), was at “low 
risk”. The intervention status was clearly defined and kept consistent across the 
groups. The intervention was divided into three different assessments over two 
experimental sessions that were preceded by a 15-minute presentation of the project. 
The task requirements were briefly explained and demonstrated with a video 
presentation. Participants also had the opportunity to familiarise with the devices 
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during the familiarisation phase; no control group for this study was used. The study 
reported that participants served as their own comparison. However, the study 
provided the necessary data to calculate effect measures for comparison. 
 
Bias due to deviations from intended interventions (performance bias) in the fourth 
domain was at “low risk”. A single exposure (intervention) was used in the study. 
Identical task requirements and timeline of measurements were provided for all three 
groups and was kept consistent throughout the study. The measurements for all 
participants were completed within study duration, and the same measuring device 
was used for the training and assessments. A demonstration of the intervention 
procedure was provided on a video of the task. Participants chose their preferred 
contact hand and table height, which was kept consistent for all assessments.  
 
Fifth domain was at “low risk” for attrition bias. A total of 103 chiropractic students gave 
consent to participate; the study did not report any incomplete data sets. A “1-way 
analysis of variance” (ANOVA) test was performed separately for each variable, and 
the study reported no significant differences of characteristics between groups. 
 
The sixth domain, bias in the outcomes measured (detection bias) was at “low risk”. 
The method of assessment was comparable for all participants within the study, and 
the computer measuring device was reliable. All data was collected using Labview 
software (National Instruments, Austin, TX). Normality of data sets was verified by 
visual inspection and the Shapiro-Wilk test. Outcomes were measured in a reliable 
way using a 2-way mixed-model (ANOVA), CE, AE, and VE for analysis of the results.  
 
The seventh domain was “low risk” for reporting bias as the results reported were 
based on the intended intervention and not excluded due to unfavourable results. It 
appeared that appropriate statistical analyses, “Statistica 10 (StatSoft)” was used, the 
level of significance was set to P = .05 and the statistical analyses used was 
appropriate for the study design and corresponded with the topic.  
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Table 4. 23 Study no. 10: Pasquier et al. (2017) ROBINS-I assessment tool 
(Sterne et al., 2019) 
Study    10: Pasquier et al. (2017) 


















“1.1. Is there 
potential for 
confounding of the 
effect of the 







obtained before the study, video 
presentation used to standardize 
intervention explanation. 
“1.2. Was the 
analysis based on 
splitting 
participants’ follow 
up time according 
to the intervention 
received?” 




switches likely to be 
related to factors 
that are prognostic 
for the outcome?” 













“1.4. Was an 
appropriate method 









and valid for the 
variables available 









that could have 
been affected by 
the intervention?” 






















“1.7. Did the 
authors use an 
appropriate 
analysis method 
that controlled for 
all the important 
confounding 







“1.8. If Y/PY to 1.7: 
Were confounding 
domains that were 
controlled for 
measured validly 
and reliably by the 
variables available 











“2.1. Was the 
selection of 
participants into the 
study (or into the 
analysis) based on 
participant 
characteristics 
observed after the 
start of 
intervention? 





No clear exclusion criteria, 
convenience sampling. 
Demographic description (age, 
weight, height). Complete 
datasets 
 





likely to be 
associated with the 
intervention?” 
N/A   





likely to be 
influenced by the 
outcome or a cause 
of the outcome?” 
N/A   
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“2.4. Do the start of 
follow-up and the 
start of intervention 
coincide for most 
participants?” 
Yes 
All participants received 
consistent interventions and 
follow-up dates. 
“2.5. If Y/PY to 2.2 




that are likely to 
correct for the 
presence of 
selection biases?” 






























presentation of intervention. 
“3.2 Was the 
information used to 
define intervention 
groups recorded at 
the start of the 
intervention?” 




have been affected 
by knowledge of the 
outcome or risk of 
the outcome?” 


























“4.1. Were there 
deviations from the 
intended 
intervention beyond 
what would be 





Video presentation of intervention. 







and likely to have 
affected the 
outcome?” 
















“5.1 Were outcome 
data available for 





Complete data sets, ANOVA for 
characteristic differences and 




excluded due to 
missing data on 
intervention 
status?” 




























Assessments were obtained by a 
computer-connected device, 
linked to a strain gauge 
“6.2 Were outcome 
assessors aware of 
the intervention 
received by study 
participants?” 
Yes   








“6.4 Were any 
systematic errors in 
the measurement of 
the outcome related 
to the intervention 
received?” 
No 
Computer measuring device 
proved to be reliable, Labview 
























“Is the reported 
effect estimate 
likely to be 
selected, based on 
the results, from...” 
      
“7.1. ... multiple 
outcome 
measurements 





“Statistica 10 (StatSoft) and the 
level of significance was set to P = 
.05.” 
“7.2 ... multiple 




N/A   
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“7.3 ... different 
subgroups?” N/A   
Overall judgement Low Risk 
“Institut Franco-Européen de 




Table 4. 24 Study no. 10: Pasquier et al. (2017) Critical appraisal results for 
included studies using the JBI Critical Appraisal Checklist for Quasi-
Experimental Studies (JBI, 2019) 
 Study no. 
and citation 10: Pasquier et al. (2017) 
Study 
“The Effect of Augmented Feedback and Expertise on Spinal 
Manipulation Skills: An Experimental Study.” 
Q1 Cause and Effect variable  Y 
Q2 Participants from a comparable source population Y 
Q3 Comparable in all but intervention Y 
Q4 Control group N 
Q5 multiple outcome measurements Y 
Q6 Follow up complete or if not adequately analysed Y 
Q7 Outcome Measurement via comparison Y 
Q8 Outcome Measurement reliable Y 
Q9 statistical analysis used Y 
Overall 
Appraisal    Included 
 
4.3.13 Study no. 11: Lardon et al. (2019) 
Title: “Effects of an 8-week physical exercise program on spinal manipulation 
biomechanical parameters in a group of 1st-year chiropractic students.”   
Authors: “Lardon A, Pasquier M, Audo Y, Barbier-Cazorla F, Descarreaux M.” 
Source: “Journal Chiropractic Education 2019;33(2):118–124 DOI 10.7899/JCE-18-
15” 
 
This randomised controlled trial was aimed at determining the “effects of a physical 
exercise program on the performance of spinal manipulation in first-year chiropractic 
students. The intervention consisted of two experimental feedback sessions separated 
by an 8-week training period. The “Institut Franco-Européen de Chiropraxie Ethics 
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Committee approved the ethics of the study (CE 2017-08- 25)”. Eligible participants 
were first-year chiropractic student with no spinal manipulation training prior to the 
beginning of the study. Participants were excluded if they reported any injury or pain, 
limiting their capacity to perform spinal manipulations.” 
 
The characteristics of this study are summarised and available in Table 4.1. The 
comprehensive report of the study is available in the Data extraction (Appendix F). 
 
The “Cochrane Collaboration's Risk of Bias Tool” (Appendix A) was used to assess 
the findings from each domain and summarised in Table 4.25 and paired with similar 
findings from the “JBI Critical Appraisal Checklist for RCTs” (Appendix D) in Table 
4.26. The following is a narrative description of the key findings from each domain and 
checklist: 
 
The first domain was at “low risk” of selection bias because randomisation was 
performed utilising a randomise generator website: www.randomization.com. 
Participants were similar at baseline. Question three was answered no because 
groups were assigned according to their campus, which limited the potential for 
contamination bias between participants from the same campus, but creates a 
potential of differences seen in baseline characteristics. A large sample size of 113 
participants was used in the study.  
 
The second domain were at “low risk” for performance bias. The study reported that 
the possibility of instruction or encouragement bias was limited with an instruction and 
procedure document provided to each supervisor from both campuses.  
 
The third domain for detection bias was at “low risk”. The participants were allowed a 
familiarisation period with feedback on their performance. However, during the 
assessment, the participants were blinded to the results. To our knowledge, treatment 
groups were treated identically other than the intervention of interest. Evidence 
suggested outcomes were measured in the same way for treatment groups.  
 
Domain four was at “low risk” of attrition bias. “A total of 113 students participated in 
the two training sessions and were included in the analysis.”  
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Domain five was at “low risk” for reporting bias. The aim of the study was clearly 
defined and the results were measured reliably. Appropriate statistical and descriptive 
analysis was used for the study, and the study design was appropriate for the topic. 
 
The study was at “low risk” for other bias. 
 
Table 4. 25 Study no. 11: Lardon et al. (2019) Cochrane Collaboration’s Risk of 
Bias Tool (Higgins & Green, 2011) 
Study    11: Lardon et al. (2019) 
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Other bias “Bias not covered elsewhere in the table” Low Risk 
“Ethics committee Institut 
Franco-Européen de 
Chiropraxie (certification no. 
CE 2017-08- 25).” 
The overall risk of bias Moderate Risk 
 
 
Table 4. 26 Study no. 11: Lardon et al. (2019) Critical appraisal results for 
included studies using the JBI-Critical Appraisal Checklist for randomised 
controlled trials (JBI, 2019) 
 Study no. 
and 
citation 11: Lardon et al. (2019) 
Title 
“Effects of an 8-week physical exercise program on spinal manipulation 
biomechanical parameters in a group of 1st-year chiropractic students.” 
Q1 Randomisation Yes 
Q2 Concealment method of allocation Yes 
Q3 Intergroup similarity at the baseline No 
Q4 Blinding of participants Yes 
Q5 Intervention blinding Yes 
Q6 Outcomes blinded Yes 
Q7 
Intergroup treatment similarities other than the 
intervention Yes 
Q8 Follow up similarities Yes 
Q9 Analysis as group assigned.  Yes 
Q10  Outcomes measurements for all groups constant Yes 
Q11 Measurement of Outcome reliability Yes 
Q12 Appropriate statistical analysis Yes 
Q13 Appropriate trial design Yes 
Overall 




4.3.14 Study no. 12: Marchand et al. (2017)  
Title: “Effects of practice variability on spinal manipulation learning.” 
Authors: “Marchand AA, Mendoza L, Dugas C, Descarreaux M, Pagé I.” 
Source: “Journal Chiropractic Education 2017;31(2):90–95 DOI 10.7899/JCE-16-8” 
 
This randomised controlled trial was aimed at evaluating the effects of practice 
variability on chiropractic students’ capacity to deliver spinal manipulations of a 
targeted peak force. The intervention consisted of an experimental session including 
either a variable or a constant practice protocol. The Université du Québec à Trois-
Rivières Ethics Committee approved the ethics of the study (CER-15-213-07.15). 
Eligible “participants had to be fourth and fifth-year chiropractic students, available for 
two assessment session at an interval of 48 hours and had no intent to perform an 
unusual number of spinal manipulations between sessions. No participants were 
excluded based on the above criteria.” 
 
The characteristics of this study are summarised and available in Table 4.1. The 
comprehensive report of the study is available in the Data extraction (Appendix F). 
 
The “Cochrane Collaboration’s Risk of Bias Tool” (Appendix A) was used to assess 
the findings from each domain and summarised in Table 4.27 and paired with similar 
findings from the “JBI Critical Appraisal Checklist for RCTs” (Appendix D) in Table 
4.28. The following is a narrative description of the key findings from each domain and 
checklist: 
 
The first domain was at “low risk” of selection bias because groups were allocated 
based on pairwise distribution to either the variable practice group or the constant 
practice group. This ensured that the groups were comparable for “height, weight and 
years of experience” in spinal manipulation performance. A sample size of 40 
participants was used in the study.  
 
The second and third domain for performance and detection bias was at “low risk”. 
The participants were allowed a familiarisation period with feedback. However, during 
the assessment, the participants were blinded to the results. The assessments were 
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completed within the specified timeline and consistent for all participants. To our 
knowledge, treatment groups were treated identically other than the intervention of 
interest. Evidence suggested the outcomes were measured in the same way for all 
groups.  
 
Domain four was at “low risk” of attrition bias. A total of 40 students participated and 
completed the study. T-tests were used to perform descriptive analysis with regards 
to group similarities at baseline. There were no participant dropouts. The assessment 
method was appropriate.  
 
Domain five was at “low risk” for reporting bias. The aim of the study was clearly 
defined, and the results were measured reliably. Appropriate statistical and descriptive 
analysis was used for the study, and the study design was suitable for the topic. A 
computer-connected device was used for all the measurements. 
 
The study was at “low risk” for other bias. 
 
Table 4. 27 Study no. 12: Marchand et al. (2017) Cochrane Collaboration’s Risk 
of Bias Tool (Higgins & Green, 2011) 
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Table 4. 28 Study no. 12: Marchand et al. (2017) Critical appraisal results for 
included studies using the JBI-Critical Appraisal Checklist for randomised 
controlled trials (JBI, 2019) 
 Study no. and 
citation 12: Marchand et al. (2017) 
Title 
“Effects of practice variability on spinal manipulation 
learning.” 
Q1 Randomisation Yes 
Q2 Concealment method of allocation N/A 
Q3 Intergroup similarity at the baseline Yes 
Q4 Blinding of participants N/A 
Q5 Intervention blinding N/A 
Q6 Outcomes blinded Yes 
Q7 
Intergroup treatment similarities other than the 
intervention Yes 
Q8 Follow up similarities Yes 
Q9 Analysis as group assigned.  Yes 
Q10  
Outcomes measurements for all groups 
constant Yes 
Q11 Measurement of Outcome reliability Yes 
Q12 Appropriate statistical analysis Yes 
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Q13 Appropriate trial design Yes 
Overall Appraisal    Included 
 
 
4.3.15 Study no. 13: Lardon et al. (2016)  
Title: “Systematic augmented feedback and dependency in spinal manipulation 
learning: a randomised comparative study.” 
Authors: “Lardon A, Cheron C, Pagé I, Dugas C, Descarreaux M.” 
Source: “Journal Manipulative Physiological Therapeutics 2016;39:185-191” 
 
This randomised controlled trial was aimed at evaluating if systematic augmented 
feedback during short sessions of spinal manipulation training creates a dependency 
compared with short training session characterised by the progressive withdrawal of 
augmented feedback. The participants were allocated into two groups, control group 
and experimental group. The “university research ethics committee approved the 
study (CER-15-215-07.07)”. “Eligible participants were fourth- and fifth-year 
chiropractic students. No exclusion criteria were specified.” 
 
The characteristics of this study are summarised and available in Table 4.1. The 
comprehensive report of the study is available in the Data extraction (Appendix F). 
 
The “Cochrane Collaboration’s Risk of Bias Tool” (Appendix A) was used to assess 
the findings from each domain and summarised in Table 4.29 and paired with similar 
findings from the “JBI Critical Appraisal Checklist for RCTs” (Appendix D) in Table 
4.30. The following is a narrative description of the key findings from each domain and 
checklist: 
 
The first and second domain was at “low risk” of selection bias. Random allocation in 
10 participants block size was used to minimise group differences (sex, weight, and 
height) to either the constant group or the experimental group. This ensured that the 
groups were comparable for “height, weight and sex”. A moderate sample size of 40 




The second and for performance was at “low risk” and the third domain, detection bias 
was “unclear”. The participants were allowed a familiarisation period with feedback on 
their performance. However, during the assessment, the participants were blinded to 
the results. To our knowledge, treatment groups were treated identically other than 
the intervention of interest. Evidence suggested outcomes were measured in the same 
way for treatment groups.  
 
Domain four was at “low risk” of attrition bias. Forty students participated and 
completed the study. No between-group differences were found for age, height, and 
weight using the nonparametric “Wilcoxon-Mann-Whitney statistic test”. 
 
Domain “five was at “low risk” for reporting bias. The aim of the study was clearly 
defined, and the results were measured reliably. Appropriate statistical and descriptive 
analysis was used, and the study design was relevant for the topic. The analysis 
included three error variables (CE, AE, and VE) and the four basic biomechanical 
parameters (peak force, preload force, thrust duration, and rate of force application). 
A 2-way repeated-measures analysis of variance was performed for all the 
independent variables.” 
 
The study was at “low risk” for other bias. 
 
Table 4. 29 Study no. 13: Lardon et al. (2016) Cochrane Collaboration’s Risk of 
Bias Tool (Higgins & Green, 2011) 
Study    13: Lardon et al. (2016)  
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of the allocated interventions 
by participants and personnel 
during the study.” 
Detection 
bias 
“Blinding of outcome 
assessment due to knowledge 
of the allocated interventions 
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Overall risk of bias Low Risk 
 
 
Table 4. 30 Study no. 13: Lardon et al. (2016) Critical appraisal results for 
included studies using the JBI-Critical Appraisal Checklist for randomised 
controlled trials (JBI, 2019) 
 Study no. 
and citation 13: Lardon et al. (2016) 
Title 
“Systematic augmented feedback and dependency in spinal 
manipulation learning: a randomised comparative study.”  
Q1 Randomisation Yes 
Q2 Concealment method of allocation N/A 
Q3 Intergroup similarity at the baseline Yes 
Q4 Blinding of participants N/A 
Q5 Intervention blinding N/A 
Q6 Outcomes blinded Yes 
Q7 
Intergroup treatment similarities other than the 
intervention Yes 
Q8 Follow up similarities Yes 
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Q9 Analysis as group assigned.  Yes 
Q10  Outcomes measurements for all groups constant Yes 
Q11 Measurement of Outcome reliability Yes 
Q12 Appropriate statistical analysis Yes 
Q13 Appropriate trial design Yes 
Overall 
Appraisal    Included 
 
4.3.16 Study no. 14: Duquette et al. (2020)  
 
Title: “A pilot study to determine the consistency of peak forces during cervical spine 
manipulation utilising mannequins.” 
Authors: “Duquette S. A., Starmer D. J., Plener J. B. and Giuliano D. A.” 
Source: “Journal Chiropractic Education 2020;00(0):000–000 DOI 10.7899/JCE-18-
33” 
 
This randomised controlled trial was aimed at examining the effectiveness of a 2-hour 
instructional strategy utilising Force Sensing Table Technology (FSTT; Canadian 
Memorial Chiropractic College) and Human Analogue Mannequins (HAM) on the 
ability of students to achieve a targeted peak force in cervical spinal manipulation. The 
participants were allocated into two groups, the control group and the experimental 
group. The study was approved by the “Canadian Memorial Chiropractic College 
research ethics board (#142018)”. “Eligible participants were fourth-year chiropractic 
students who were comfortable delivering cervical spinal manipulations. Participants 
were excluded if they had previous cervical manipulation training with FSTT and HAM 
or a medical condition inhibiting them from either delivering or receiving cervical spinal 
manipulation.” 
 
The characteristics of this study are summarised and available in Table 4.1. The 
comprehensive report of the study is available in the Data extraction (Appendix F). 
 
The “Cochrane Collaboration’s Risk of Bias Tool” (Appendix A) was used to assess 
the findings from each domain and summarised in Table 4.31 and paired with similar 
findings from the “JBI Critical Appraisal Checklist for RCTs” (Appendix D) in Table 
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4.32. The following is a narrative description of the key findings from each domain and 
checklist: 
 
The first domain and question one was “unclear” of selection bias and unclear for 
allocation bias. The final sample size of forty students within the intervention group 
was based on Cohen's d calculation. The allocation of participants into the groups was 
based on instructor availability, but no randomisation or concealment of groups was 
specified. A large sample size of 90 participants was used in the study. 
 
The second, third domain and question five and seven were at “low risk” for 
performance and detection bias. A control group was included, and groups were 
similar in all aspects except the intervention. Pre- and post-intervention assessments 
were obtained during which participants were blinded to the results. Evidence 
suggested that outcomes were measured in the same way for both groups.  
 
Domain four and question three were at “low risk” of attrition bias. Ninety students 
participated, and 75 complete datasets were used; there was one drop out from each 
group and twelve corrupted data files, excluded from the analysis. Intergroup 
similarities were present at baseline. 
 
Domain five and question eight to thirteen were at “low risk” for reporting bias. The aim 
of the study was clearly defined, and the results were measured reliably. Appropriate 
statistical and descriptive analysis was used, and the study design was relevant for 
the topic. The “analysis included three error variables (CE, AE, and VE) and the four 
basic biomechanical parameters (peak force, preload force and thrust duration) and 
was constant for both groups.” 
 




Table 4. 31 Study no. 14: Duquette et al. (2020) Cochrane Collaboration’s Risk 
of Bias Tool (Higgins & Green, 2011) 
Study    14: Duquette et al. (2020) 
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Table 4. 32 Study no. 14: Duquette et al. (2020) Critical appraisal results for 
included studies using the JBI-Critical Appraisal Checklist for randomised 
controlled trials (JBI, 2019) 
 Study no. 
and citation 14: Duquette et al. (2020) 
Study 
“A pilot study to determine the consistency of peak forces during 
cervical spine manipulation utilising mannequins.” 
Q1 Randomisation Unclear 
Q2 Concealment method of allocation No 
Q3 Intergroup similarity at the baseline Yes 
Q4 Blinding of participants N/A 
Q5 Intervention blinding Unclear 
Q6 Outcomes blinded Yes 
Q7 
Intergroup treatment similarities other than the 
intervention Yes 
Q8 Follow up similarities N/A 
Q9 Analysis as group assigned. Yes 
Q10  Outcomes measurements for all groups constant Yes 
Q11 Measurement of Outcome reliability Yes 
Q12 Appropriate statistical analysis Yes 
Q13 Appropriate trial design Yes 
Overall 
Appraisal    Included 
 
4.4 Risk of Bias Assessment Summary 
After the risk of bias and methodological quality evaluation, a total of 14 studies 
qualified for the final review. A summary of the judgement made for each individual 
study were tabulated for comparison (Table 4.33 and Table 4.34). Nine studies were 
classified as “low risk” of overall bias. Four studies were classified as “moderate risk” 
for overall bias, mostly relating to small sample size used in the study.  
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1: Owens et 
al. (2017) Low  Low  Low  Moderate  Low  Low  Unclear Low  Low  Moderate  Included 
2: Starmer et 
al. (2016) Low  Low  Low  Low  Low  Low  Low  Low  Low  Low  Included 
3: Triano et 
al. (2015)  Low  Low  Low  Low  Low  Low  Low  Low  Low  Low  Included 
4: Loranger 
et al. (2016) Low  Low  Low  Low  Low Low  Unclear Low  Low  Low  Included 
5: Owens et 
al. (2016)  Low  Low  Low  Moderate  Low  Low  Moderate  Low  Low  Moderate  Included 
6: Shannon 
et al. (2019) Low  Low  Low  Moderate  Low  Low  Unclear Low  Low  Moderate  Included 
7: Pasquier 
et al. (2019) Low  Low  Low  Unclear Low  Low  Unclear 
Unclea
r Low Low  Included 
8: 
Descarreaux 
et al. (2015) 
Low  Low  Low  Moderate  Low  Low  Low  Low  Low  Moderate Included 
9: Van Geyt 
et al. (2017) Low  Low  Low  Moderate  Low  Low  Low  Low  Low  Moderate  Included 
10: Pasquier 
et al. (2017) Low  Low  Low  Low  Low  Low  Low  Low  Low  Low  Included 
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Table 4. 34 Risk of bias in individual cohort studies 
 Study no. and 















11: Lardon et al. (2019) Low  Moderate  Low  Low  Low  Low  Moderate  Included 
12: Marchand et al. 
(2017) Low  Low  Low  Low  Low  Low  Low  Included 
13: Lardon et al. (2016)  Low  Low  Low  Low  Low  Low  Low  Included 
14: Duquette et al. 




4.5 Literature Evidence 
4.5.1 Simulation Device: Mannequin on Force Platform 
Study no. 1: Owens, et al. (2017) 
 
Title: “Changes in adjustment force, speed, and direction factors in chiropractic 
students after 10 weeks undergoing standard technique training” 
 
This single exposure cohort study was at “moderate risk” for selection bias, due to a 
small sample population and “unclear” for attrition bias, resulting in an overall 
“moderate risk” of bias. 
 
The main outcome of the study was to assess the effect of verbal instructions given to 
novice chiropractic students on the force profiles of spinal manipulation thrusts 
delivered to a mannequin on a force platform. The key results indicated that novice 
chiropractic students' manipulations look similar to their teachers and experienced 
chiropractors, but do not match their thrust force and speed values. Chiropractic 
students did, however, show consistency within thrusts and the ability to discriminate 
different force levels. 
 
The study population investigated included sixteen chiropractic students at the end of 
the “Full Spine 2 technique course” offered in quarter 6 of a 14- quarter program. 
Participants had limited experience in manipulation and were untrained in 
manipulation with force-feedback. The study was performed at the Life University. 
 
The intervention, for all participants, included 45 spinal thrusts onto a mannequin, 
targeting various listings (target areas). The students were given instructions 
regarding specified contact points, hand positioning, and direction of the thrusts. A 
familiarization period was included before the assessments. The measuring device 
was a mannequin placed onto a treatment table with an embedded force platform. The 
treatment table with an 18 X 20-inch Bertec force plate (“Bertec model FP4550-08”) 
incorporated into the lumbar section was used. The procedure for each participant 
included three light, three normal, and three heavy spinal manipulation thrusts. A 
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baseline assessment, as well as follow-up assessment 9 to 10 weeks after, were 
obtained for each participant. The participants continued with their standard course’s 
curriculum of technique training between the two assessments. The manipulation 
technique used was a prone manipulation specific to the listing provided. 
 
The key results obtained in the study were that novice chiropractic students were not 
able to reproduce the forces required of them. However, they were able to discriminate 
between light and heavy loads. Towards the end of the quarter, students showed an 
increase in the consistency with more than half of the participants having “CVs of less 
than 15% for heavy thrusts.” The group also were not able to control thrust speed and 
amplitude independently. 
 
The mean preload for the initial assessment vs final assessment of heavy thrusts were; 
57N (35)/33 N (51), normal thrust; 33N (57)/45N (33), and light thrust; 51N (33)/35N 
(45). The mean peak force for the initial assessment vs final assessment of heavy 
thrusts were; 425N (178)/ 458N (191), normal thrusts; 314N (107)/ 327N (106) and 
light thrusts; 220N (79)/221N (89). The mean thrust rate in N/ms for heavy thrusts 
were; 3.0(1.7) /3.2(1.7), normal thrusts; 2.0(0.9)/2.1(1.0) and light thrusts; 1.3 (0.6)/1.4 
(0.8). The average coefficients of variability (CV = SD/mean) for the initial vs final 
assessments for heavy thrusts were; 17%/15%; for normal thrusts 16%/15%; and for 
light thrusts; 20%/20%, with 0 as ideal. The mean force ratio in Newton (ability to 
distinguish thrust magnitude) for initial assessment vs final assessment for a 
heavy/normal ratio were; 1.35/1.39, and for the light/normal ratio; 0.70/0.67. 
 
This study indicated that with the standard technique training prescribed in the course 
curriculum, students increased their manipulation consistency and thrust speed, but 
were not able to control the variables separately. The use of force feedback devices 
for teaching and training spinal manipulations such as the mannequin ensures that 
students' manipulations can be quantified and provides a method to compare, improve 





Study no. 5: Owens et al. (2016) 
 
Title: “Establishing force and speed training targets for lumbar spine high-velocity, 
low-amplitude chiropractic adjustments.” 
 
This single exposure cohort study was at “moderate risk” for selection bias, due to a 
small sample population and “moderate risk” for attrition bias, resulting in an overall 
“moderate risk” of bias. 
 
The main outcome of this study was to “define the learning target loads and speeds, 
with instructors as expert models.” 
 
The study population investigated were 11 chiropractor faculty members experienced 
in teaching Gonstead technique methods. These participants were in one group and 
served as their own comparison. The study was performed at the Life University. 
 
The participants performed 81 manipulations onto a mannequin on a flat manipulation 
bench with a force plate incorporated. The procedure included three thrusts per listing 
at three different load levels: light, normal, and heavy force. The follow-up 
measurements included an “anonymous web-based survey” to identify adverse effects 
and determine the general acceptability of the simulated manipulation procedure. The 
manipulation manoeuvre used was a Gonstead chiropractic manipulation technique 
with nine listings provided, including prone and side posture positioning. 
 
The key results measured were wide variations in the consistency between 
chiropractor's manipulation parameters. The peak loads ranged from 100 N to 1400 
N. The mean peak loads for the light thrusts were 339 N in side posture and 744 N in 
the prone position. The thrust rates amongst doctors were more uniform with values 
ranging from 2.3 N/ms to 5 N/ms and 3 N/ms average. All the participants could clearly 
distinguish between peak load levels. However, there was an overlap between high 
and low loads. The post-study survey indicated that four out of six participants thought 
the mannequin felt similar to a real patient, three participants reported similar 
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compliance, one participant stated the compliance of the mannequin felt more rigid, 
and two said it felt softer. Three participants showed an adverse effect (arm fatigue 
and soreness). 
 
The results from this study suggest that the chiropractic faculty members delivered 
spinal manipulations that correlate with other literature assessing the high velocity, low 
amplitude manipulation. A minimum force and speed target, for student performance, 
were established. However, there is still uncertainty regarding the guide to normative 
manipulation values used to refine student learning. 
 
Study no. 11: Lardon et al. (2019) 
 
Title: “Effects of an 8-week physical exercise program on spinal manipulation 
biomechanical parameters in a group of 1st-year chiropractic students.” 
 
This randomised control trial was at “moderate risk” for performance bias, due to a 
potential for minor difference between groups present at baseline, resulting in an 
overall “moderate risk” of bias. 
 
The main outcome of this study was to “determine the impact of an 8-week physical 
exercise program on the performance of spinal manipulations in first-year chiropractic 
students." The biomechanical parameters measured included thrust duration and 
preload force.  
 
The study population investigated were one hundred and thirteen first-year 
chiropractic students recruited from two different campuses. The study was performed 
at the Institut Franco-Européen de Chiropraxie.  
 
The chiropractic students were divided into two groups, based on their campuses. 
Group one was the exercise group and group two, the control group (no training). The 
procedure included a familiarisation period, followed by two experimental feedback 
sessions of one hour each. During the experimental period, both groups performed 
spinal manipulations and received feedback based on the preload force and time-to-
peak force achieved. The experimental periods each preceded and concluded with 
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ten recorded trials per session of which a block of five manipulations was performed 
without a prescribed target force or feedback provided. The exercise group was further 
instructed to complete exercises such as push-ups, core stabilisation, and speeder 
board exercises three times per week for eight weeks. The control group did not 
receive any particular instructions in addition to the normal school activities. The 
measuring device used was a manikin placed onto a force-sensing table equipped 
with an AMTI force plate (Advanced Mechanical Technology Inc, Watertown, MA). The 
manipulation technique used was a double thenar technique posterior-to-anterior 
thoracic. 
 
The key results measured for mean thrust duration were 125.1ms (± 19.3) at the first 
assessment and 126.0ms (± 15.7) at the second assessment. An increase in the mean 
thrust duration between the two experimental sessions were observed, but there was 
no between group difference in thrust duration. The mean preload force at the first 
assessment was 19.5 N (± 15.9) and 13.4 N (± 14.2) at the second assessment. A 
decrease in preload force was observed between the two assessments, as well as a 
decrease in the exercise group’s preload force.  
 
The study suggests that a physical exercise program could be beneficial in the learning 
of spinal manipulations in chiropractic students and should be enforced as part of a 
student’s skill development.  
 
4.5.2 Simulation Device: Computer-Connected Device 
Study no. 4: Loranger et al. (2016) 
 
Title: “Correlation of expertise with error detection skills of force application during 
spinal manipulation learning.” 
 
This single exposure cohort study consisting of pre-post experimental design was at 
“low risk” of bias in all the domains, except for attrition bias in the fifth domain, which 
was “unclear”. All the participants were compliant with the intervention protocol. 
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The main goals of this study were to evaluate if expertise is associated with increased 
spinal manipulation proficiency and error detection skills of force application during 
spinal manipulations.  
 
The study population investigated were sixty-three chiropractic students in different 
years of study. These participants were grouped according to their expertise level. The 
study was conducted at the Université du Québec à Trois-Rivières. 
 
Participants were allocated into four groups according to their clinical experience and 
expertise. Group one consisted of first-year chiropractic students, with no previous 
experience in spinal manipulation or spinal manipulation simulation, only theoretical 
notion to positioning and spinal manipulation techniques. Group two included fourth-
year students, with three years of supervised clinical practice. Group three comprised 
fifth-year students, with four years of supervised clinical practice, and group five 
consisted of experienced chiropractors with a clinical experience ranging from two to 
forty-four years. A familiarisation period of fifteen practice manipulations, towards a 
target maximum peak force of 300 N with feedback, was provided before the first 
assessment. The assessment included ten consecutive thoracic spinal manipulations 
onto an instrumented device, with no feedback was provided, and participants were 
required to estimate their maximal peak force after each manipulation. The measuring 
device used was a computer connected device with a strain gauge (“model UL 400”). 
The manipulation technique used was a “prone unilateral hypothenar transverse push 
with a posterior-to-anterior force vector”. 
 
The key results measured indicated significant differences observed in preload forces 
between the 1st year students and the three other groups (4th and 5th year and 
experts). Time-to-peak force was decreased with experience and differences were 
observed between each group except the 4th- and 5th-year students. Thrust force 
increased from the 1st- to the 5th-year students with values similar to the experts 
observed in the 4th and 5th year. The rate of force application increased with 
experience. No difference was observed in the error detection variables between 
groups (p > .05).  
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The results of the study indicated that the biomechanical parameters of spinal 
manipulation simulation improved in all four groups. The substantial increase in 
preload force noticed in the first- to the fourth-year participants suggests that the first-
year students were unfamiliar with the manipulations already practised by the other 
years The time to peak force decreased steadily with expertise, whereas the increased 
for all four groups. The level of expertise had no impact on the error detection 
capability of a spinal manipulation simulation.  
 
Study no. 8: Descarreaux et al. (2015) 
 
Title: “Learning spinal manipulation: the effect of expertise on transfer capability” 
 
This single exposure cohort study was at “moderate risk” for selection bias, due to a 
small sample population, resulting in an overall “moderate risk” of bias. 
 
The main outcome of this study was to determine whether expertise in spinal 
manipulation therapy, assessed in experienced chiropractors and chiropractic 
students, was associated with increased transfer capabilities.  
 
The study population investigated were forty-nine fifth-year, sixth-year chiropractic 
students and experienced chiropractors with a minimum clinical post-graduation 
experience ranging from 2 to 26 years of clinical practice. The study was conducted 
at the Université du Québec à Trois-Rivières. 
 
The intervention, for all participants, included the performance of spinal manipulations 
under three different conditions. Participants were allocated into three groups based 
on their clinical experience and level of training. The procedure included three sets of 
ten consecutive thoracic spine manipulations onto an instrumented device. The 
measuring device was a computer-connected (“model UL 400”). The procedure 
included a block of manipulations with the table set at preferred table height, the 
second block was performed on a higher table (15cm higher than preferred height), 
and the third block was performed with participants standing on an unstable surface 
(standing on a rocking board (Balance Board Dome TPR). The manipulation technique 
used was a “prone unilateral hypothenar transverse push”. 
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The key results observed in the study were that both expertise and performance 
influenced the biomechanical parameters of spinal manipulation. Experienced 
clinicians produced a decreased thrust rate and increased rate of force application 
compared to the students. However, a significant decrease in thrust force and thrust 
rate was observed with the increased difficulty of the tasks. The performance variability 
also increased with task difficulty. 
 
The results of this study suggest that when instructed to perform a spinal manipulation 
under challenging conditions, chiropractic experts and students traded-off thrust force 
for thrust duration to optimise their performance.  
 
Study no. 10: Pasquier et al. (2017) 
 
Title: “The Effect of Augmented Feedback and Expertise on Spinal Manipulation 
Skills: An Experimental Study.” 
 
This single exposure cohort study was at “low risk” of bias in all the domains. All the 
participants were compliant with the intervention protocol. 
 
The main outcome of this study was to investigate the combined effect of augmented 
feedback and expertise on the performance and retention of basic motor learning 
spinal manipulation skills.  
 
The study population investigated were 103 first, third and fifth-year chiropractic 
students. The study was performed at the Institut Franco-Européen de Chiropraxie. 
 
The study investigated chiropractic students divided into three groups based on their 
level of expertise. Measurements were obtained at baseline evaluation; post 
augmented feedback training and one week after the augmented feedback training. 
The procedure included a brief presentation of the spinal manipulation and a short 
familiarization period targeting 300 N peak force. The assessments performed at 
baseline, during post-training, and at the retention, assessment consisted of ten 
thrusts with a prescribed target peak force of 300 N and without any feedback. During 
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the training period, participants performed 30 thrusts and were provided with both 
verbal and visual feedback. The measuring device was a computer-connected device. 
The manipulation technique used was a “unilateral hypothenar transverse push 
technique with a posterior-to-anterior force vector”. 
 
The results from the study indicated that a short period of augmented feedback training 
had a positive effect on the biomechanical parameters of a spinal manipulation. An 
increase in pre-load force at both the post-training and retention assessments was 
observed and a decrease in the pre-load force and absolute error was observed from 
baseline to post-training and retention assessments. The study also confirmed that 
the level of expertise modifies biomechanical parameters. However, it failed to identify 
the association between expertise and augmented feedback training. 
 
The results of this study suggest that augmented feedback training is effective to 
modify various biomechanical forces of a spinal manipulation, and that expertise has 
an influence on the biomechanical parameters of a spinal manipulation. An important 
finding was that the level of expertise did not have any association with the effect of 
augmented feedback training. The use of augmented feedback training would be 
beneficial for teaching basic motor learning principles in a chiropractic curriculum. 
 
Study no. 12: Marchand et al. (2017) 
 
Title: “Effects of practice variability on spinal manipulation learning.” 
 
This randomised control trial was at “low risk” of bias in all the domains. All the 
participants were compliant with the intervention protocol. 
 
The main outcome of this study was to determine if practice variability affected 
chiropractic students' ability to deliver spinal manipulations accurately and consistently 
for a targeted peak force. 
 
The study population investigated were forty-fourth- or fifth-year chiropractic students. 
The study was conducted at the Université du Québec à Trois-Rivières. 
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The study investigated forty chiropractic students in their fourth and fifth year of study. 
The participants were placed into two groups; constant practice group and variable 
practice group. Both groups completed a familiarisation period of ten practice 
manipulations at a prescribed target peak force of 350N with verbal feedback provided 
after each thrust. Both groups were subjected to baseline and post-intervention 
assessments, which consisted of ten spinal manipulation thrusts at 350-N peak force, 
but no feedback was provided. The training period varied between groups; the 
constant practice group performed 45 manipulations at a constant target peak force of 
350 N and was provided with feedback based on the peak force reached. The variable 
practice group performed 45 manipulations at randomly varying peak forces between 
300 N, 350 N, and 400 N. A retention analysis was performed two days after the post-
intervention analysis. The manipulation technique used was a “unilateral hypothenar 
transverse push technique”. The measuring device was a computer-connected device. 
 
The key results measured were the effects of practice type on spinal manipulation 
performance. Both groups showed a significantly increased accuracy and consistency 
in performances at the postintervention assessment, regardless of the practice type. 
The preload force increased from baseline to the retention assessment, while the 
thrust duration decreased significantly.  
 
The study suggests that as little as one session of augmented training and feedback 
for chiropractic students led to increased accuracy and consistency in performance in 
spinal manipulation. An increase in performance was visible regardless of the 
variability in practice in groups. 
 
Study no. 13: Lardon et al. (2016) 
 
Title: “Systematic Augmented Feedback and Dependency in Spinal Manipulation 
Learning: a Randomised Comparative Study.” 
 
This randomised control trial was at “low risk” of bias in all the domains. All the 
participants were compliant with the intervention protocol. 
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The main outcome of this study was to determine whether short spinal manipulation 
training sessions with systematic augmented feedback creates a dependency, 
compared to short training sessions characterised by the progressive withdrawal of 
augmented feedback. 
 
The study population investigated were forty-fourth- or fifth-year chiropractic students. 
 
The participants were randomised into two groups; a control group and an 
experimental group. Both groups completed a familiarisation period of three practice 
manipulations at a prescribed target peak force of 300N with verbal and visual 
feedback provided after each thrust. Both groups were subjected to baseline and post-
intervention assessments, which consisted of ten spinal manipulation thrusts at 300-
N peak force and no feedback provided. The control group received 100% verbal and 
visual feedback during all three trials. The experimental group received reduced 
feedback after each trial, 100 % feedback on the first trial, 50% feedback during the 
second trials and 20% feedback at the last trials.  
 
The key results measured indicated no significant effect on the various parameters 
evaluated in the study and the biomechanical parameters and error variables of both 
groups were similar, suggesting that there was no group main effect between the two 
groups.  
 
The progressive withdrawal did not generate a decreased dependency and improved 
performance at retention as hypothesised. Therefore, feedback scheduling does not 
influence the motor performance and learning of spinal manipulations in chiropractic 
students, but that short sessions of feedback training do improve participants’ 
accuracy. 
 
4.5.3 Simulation Device: Human Analogue Mannequins (HAM) 
Study no. 2: Starmer et al. (2016) 
 
Title: “Changes in manipulative peak force modulation and time to peak thrust among 
first-year chiropractic students following a 12-week detraining period” 
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This single exposure cohort study consisting of pre- and post-measurements of 
chiropractic students’ spinal manipulations was at “low risk” of bias in all the domains. 
All the participants were compliant with the intervention protocol. 
 
The main outcome of the study was to analyse the differences in peak force 
modulation and time-to-peak thrust in spinal manipulations performed by first-year 
chiropractic students before and following a 12-week detraining period.  
 
The study population investigated were 125 chiropractic students, near the end of their 
first year at Canadian Memorial Chiropractic College that utilise force-sensing table 
technology (FSTT) as part of their curriculum. These participants were in one group 
and served as their own comparison. 
 
The intervention included two peak-force targeted thrusts of 400N and 600N to the 
FSTT prior to and after a 12-week detraining period, during which the students have 
a semester break. The participants had the option to choose one of three manipulation 
techniques: bilateral hypothenar, bilateral thenar, or cross-bilateral directed to the T9 
level of the foam human analogue mannequins (HAM) spine. 
 
The key results measured were: Mean distance from target Peak-force thrust (in 
Newton) for 400 N: Pre-test: 44.91 (34.67); Post-test: 42.60 (28.88); P = .5690. 
Distance from target Peak-force thrust for 600 N: Pre-test: 124.11 (65.77); Post-test: 
123.29 (61.43); P = .8994. Time-to-peak thrust (in milliseconds) for the 400 N: Pre-
test 137.094 (42.47); Post-test 125.385 (37.46); P = .0004. Time-to-peak thrust for the 
600 N: Pre-test 136.835 (40.48); Post-test 125.385 (33.78); P = .03. Percentage 
distance from total peak force for 400N: Pre-test: 11.23% + 8.67%; Post-test: 10.65% 
+ 7.22%. Percentage distance from total peak force for 600N: Pre-test: 20.69% + 
10.96%; Post-test: 20.55% + 10.24%. 
 
The study suggests that there was no decline in the student's ability to modulate the 
force for either thrust intensity, but a significant change was identified in time-to-peak 
thrust for the 400 N total peak force thrust intensity.  
The participants were unable to match the pre-defined target peak forces.  
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This study indicated that the standard technique training prescribed in the course 
curriculum is not sufficient for students to match expert field practitioners' force 
parameters, but the skills obtained during the course do not reduce within a twelve-
week detraining period.  
 
Study no. 3: Triano et al. (2015)  
 
Title: “Consistency and malleability of manipulation performance in experienced 
clinicians: a pre-post experimental design” 
 
This single exposure cohort study consisting of pre-post experimental design was at 
“low risk” of bias in all the domains. All the participants were compliant with the 
intervention protocol. 
 
The main outcome of the study was to evaluate the stability of spinal manipulation 
performance in experienced chiropractors and their adaptability to random target 
levels with a short training duration.  
 
The study population investigated were forty-one chiropractors with a minimum of five 
years of clinical experience. These participants were in one group and served as their 
own comparison. The study was performed at the Canadian Memorial Chiropractic 
College. 
 
A pre-post experimental design was used in the study. Participants were instructed to 
perform spinal manipulations targeting a typical-, half-typical and double-typical force 
on to a custom foam human analogue mannequins (HAM). Following the baseline 
measurements, a 2-hour continuing education training session using technology-
assisted coaching with visual feedback was incorporated. The participants had the 
option to use one of three standard manoeuvres (bilateral hypothenar, bilateral thenar, 
or cross-bilateral) targeted at T9 level of the spine. The chosen manoeuvre was kept 
constant throughout the study for each participant. 
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The key results found indicated no difference between subgroup and baseline group 
characteristics. A good consistency in force-time profiles (0.55 ≤ intraclass correlation 
coefficient ≤ 0.75) were observed between baseline and pre-test assessment (4-
month interval). The short training interval resulted in 23% to 45% reduced error rate 
of force delivery and an increased peak force, which was directly related to the rate of 
force and a stable impulse force. (ICC, 0.75; baseline, 390.7 ± 111.1 N; pre-test, 403.6 
± 96.1 N). The load increases observed were directly related to the rate of loading. 
 
The results of study indicated that recalibration of spinal manipulation performance of 
experienced clinicians toward arbitrary target values in the thoracic spine is feasible. 
This study also found that experienced chiropractors are internally consistent in 
performance of procedures under standardised conditions. Focused training may help 
chiropractors learn to modulate spinal manipulation characteristics. 
 
 
Study no. 6: Shannon et al. (2019) 
 
Title: “High-velocity, low-amplitude spinal manipulation training of prescribed forces 
and thrust duration: A pilot study.” 
 
This single exposure cohort pilot study was at “moderate risk” for selection bias, due 
to a small sample population and “unclear” for attrition bias, resulting in an overall 
“moderate risk” of bias. 
 
The main outcomes of this study were to assess the effect of a standardised spinal 
manipulation training program, which consisted of prescribed forces and thrust 
durations, and to describe the retention of these skills one, four and eight weeks after 
training. 
 
The study population investigated were eight chiropractic faculty members and eight 
chiropractic students in the seventh or eighth trimester of a 10-trimester chiropractic 
course at the Palmar College of Chiropractic. These participants were grouped as 




The intervention, for all participants, included a four-week standardised spinal 
manipulation training period of six thirty-minute training sessions. During the training 
session, participants were instructed to perform as many blocks of ten spinal 
manipulation thrusts as possible (60-100 thrusts) onto a foam human analogue 
mannequin (HAM). Participants were instructed to target peak forces of 350N and 
500N and a thrust duration of 150ms or faster. Verbal and visual feedback was 
provided during the training sessions. A familiarisation period was provided in which 
participants could perform five practice thrusts of a typical manipulation with no 
prespecified force target. These results were verbally communicated after the 
manipulations. After that, baseline assessments were obtained for each participant, 
which consisted of ten consecutive manipulations at 150ms thrust duration and 350N 
and 550N peak force respectively, and no feedback was provided. The manipulation 
technique used was a bilateral thenar contact targeted to the T4 vertebral level. 
 
The key results measured indicated that the standardised six-session training program 
resulted in increased between-participant consistency in the ability to deliver 
prescribed peak forces. The skill retention of participants was most accurate 
immediately after the training sessions, and beyond a period of one week, a decrease 
in the consistency of the target force delivery was noted. The error from peak force 
target, expressed as adjusted mean constant error for the 350N target force changed 
from 107 N (127) at baseline, to 0.2 N (41) immediately after training and increased to 
32 N (53) eight weeks after the training. For the 500 N target force, the baseline 
measurements were 63 N (148), - 6 N (58) immediately after, and 9 N (87) after eight 
weeks. The thrust duration was quicker for students immediately after the training 
sessions compared to their baseline measurements. However, the chiropractors’ 
thrust duration was slower.  
 
The standardised six-session training program resulted in more accurate delivery of 
two prescribed peak forces, but the skills retained show a decrease within one week 
after the training, suggesting skill retention may degrade over time. 
 
The thrust duration of the students was faster after the training session, compared to 
the chiropractors' increase in thrust duration. This discrepancy could suggest that 
students are still learning to coordinate aspects of spinal manipulation and therefor are 
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more adaptable when learning to deliver a prescribed force compared to chiropractic 
clinicians, who revert to their original habits and ingrained motor responses.  
 
Study no. 7: Pasquier et al. (2019) 
 
Title: “Learning spinal manipulation: gender and expertise differences in 
biomechanical parameters, accuracy, and variability.” 
 
This single exposure cohort study was at “low risk” of bias in all the domains. All the 
participants were compliant with the intervention protocol. 
 
The main outcome of this study was to investigate gender differences and expertise 
effects on biomechanical parameters, as well as force accuracy and variability for 
students learning spinal manipulation. 
 
The study population investigated were 137 chiropractic students in their fourth and 
fifth year of study recruited from two different chiropractic institutes. Group allocation 
was based on their year of study. However, participants served as their own 
comparison. The study was performed at the Institut Franco-Européen de Chiropraxie. 
 
The intervention, for all participants, included once-off measurements of the 
biomechanical parameters of spinal manipulation (preload, time to peak force, peak 
force, rate of force), using a HAM on a force-sensing table. The procedure included a 
familiarization period of three manipulations at a prescribed peak force target of 450N 
with verbal and visual feedback provided. The assessment included five consecutive 
manipulations with the same prescribed peak force target, but no feedback was 
provided. The measuring device was a HAM placed on a force-sensing treatment 
table. The manipulation technique used was a double thenar push technique posterior-
to-anterior.  
 
The key results measured included differences observed in gender and expertise on 
biomechanical parameters, as well as constant, variable, and absolute error assessed 
using 2-way analysis of variance. A significant gender difference was observed for 
several biomechanical parameters, as well as the accuracy and variability of spinal 
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manipulations. The women showed a slower time to peak force and thrust rate. 
However, they were more accurate and showed less variability compared to men. The 
study also reported that fifth-year students (more experience) used less force and 
were more precise with their manipulations. 
 
The results of this study indicated that there are gender differences in spinal 
manipulation performance, and the differences are attributed to the diversity of motor 
strategies. These results suggest that gender-specific teaching methods should be 
developed.  
 
Study no. 14: Duquette et al. (2020) 
 
Title: “A pilot study to determine the consistency of peak forces during cervical spine 
manipulation utilising mannequins.” 
 
This randomised control trial was at “low risk” of bias in all the domains except for 
allocation bias in the first domain, which was “unclear”. All the participants were 
compliant with the intervention protocol. 
 
The main outcome of this study was to determine the effectiveness of a 2-hour 
instructional strategy utilising Force Sensing Table Technology (FSTT; Canadian 
Memorial Chiropractic College) and Human Analogue Mannequins (HAM; Canadian 
Memorial Chiropractic College) on the ability of students to achieve a targeted peak 
force in cervical spinal manipulation. 
 
The study population investigated were ninety fourth-year chiropractic students. 
 
The participants were allocated into two groups; a control group and an experimental 
group. Both groups completed pre-and post-training assessments, which included two 
mannequin manipulations, and two patient manipulations, one for each hand with no 
feedback provided. The intervention group then completed a one-hour training 
session, during which they performed cervical spinal manipulations with a target peak 
force of 100 N on mannequins and were given objective feedback through force-
sensing table technology. During the training session, the manipulation was broken 
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down into separate parts, such as contact, finding preload, and the thrust. The control 
group was instructed to return to their regular technique class, which consisted of a 
technique training session with only observational feedback from the 
Lecturer, without the use of force-sensing technology.  
 
The key results measured indicated that the experimental group performed 
significantly better at the post-training assessment compared to the control group 
when manipulating the mannequin (p = .003). However, roughly 50% of the force used 
on the mannequin was carried over when manipulating a paired human partner (p = 
.067). 
 
The results from this study suggest that following a one-hour cervical manipulation 
training program using FSTT and HAM, an improvement was demonstrated in peak 
force control for spinal manipulation delivered on the mannequin. However, this 
improvement was not carried over to spinal manipulation delivered on human subjects. 
 
4.5.4 3D Electrogoniometer With an Instrumented Spatial Linkage 
Study no. 9: Van Geyt et al. (2017)  
 
Title: “Relationship between subjective experience of individuals, practitioner 
seniority, cavitation occurrence, and 3-dimensional kinematics during cervical spine 
manipulation.” 
 
This single exposure cohort study was at “moderate risk” for selection bias, due to a 
small sample population, resulting in an overall “moderate risk” of bias. 
 
The main outcome of this study was to investigate individual subjective experience 
(ISE) of cervical manipulation recipients and to determine the impact of cavitation 
occurrence, and practitioner seniority on an individual’s subjective experience. 
 
The study population investigated were twenty asymptomatic subjects and four 




The intervention included cervical manipulations performed by the four chiropractic 
practitioners on twenty asymptomatic volunteers. The chiropractors performed a 
cervical manipulation onto each volunteer, who was seated upright, to the C3 and C5 
spinal level. The measurements of the manipulations were obtained using a reliable 
3D electrogoniometer instrumented spatial linkage (CA 6000 Spine Motion Analyser, 
OSI, Union City, California) device mounted on the patient using an adjustable helmet 
and a thoracic harness. The manipulation was completed once a cavitation was 
achieved. However, a maximum of four attempts was allowed to produce the 
cavitation. Qualitative measurements (ISE data) were obtained by an innovative 
questionnaire addressing their subjective experience of the characteristics of a spinal 
manipulation, in terms of tactile sensations, relaxation, perception of the task, and 
therapist handling.  
 
The key results measured indicated that the motion parameters measured during the 
manipulation were influenced by cavitation occurrence and differences between 
practitioners. The data from the ISE questionnaire were grouped into two factors; the 
first factor represented grip firmness and range and speed of practitioner’s gesture, 
and the second factor represented patient’s relaxation and the precision of handling.  
 
The results indicate that the majority of the ISE data correlated with kinematics. The 
subjective and objective counterpart measurements did not always correlate. High ISE 
ratings were given in conjunction with the occurrence of a cavitation. This suggests 
that the occurrence of a cavitation is correlated with the perceived success of a 
manipulation. Participants perceived feelings of higher speed, amplitude, firmness, 
and precision with higher practitioner seniority (more years of experience). 
 
The ISE of participants were influenced by the occurrence of a cavitation and the 
seniority of chiropractic practitioner. The study suggests that with a better 
understanding of the patient’s subjective experience, could lead to increased 
confidence, improved patient-therapist relationship, and it may provide further 
therapeutic perspectives for the practitioners.  
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4.6 Summary of the Study Outcomes 
After conducting the narrative assessment of the results for each study, the main 
findings were extracted and summarised. Based on the outcomes of the studies 
reviewed, a conclusion was made regarding effective methods of improving spinal 
manipulation skills of chiropractors and chiropractic students (refer to Table 5.1). 
 
Among the 14 scientific admissible studies, 4 were randomised clinical trials and 10 
were cohort studies. Of those, 2 studies evaluated cervical spinal manipulation using 
augmented devices and 12 evaluated thoracic spine manipulations. 
 
Three studies, each utilising a mannequin placed onto a force platform as an 
augmented device for assessing spinal manipulations, were conducted all three 
studies were classified as “moderate risk” of bias. Study no. 1 (Owens et al., 2017) 
and 11 (Lardon et al., 2019) were found to be effective for improving spinal 
manipulation performance in novice chiropractic students. Both studies’ duration was 
similar, ranging between 8 to 10 weeks. Study no. 1 (Owens et al., 2017) combined 
verbal feedback with the augmented device training, which resulted in a decrease in 
preload, increase in peak force, decrease in thrust rate and a decreased variability for 
heavy and normal thrusts. Study no. 11 (Lardon et al., 2019) combined augmented 
device training with a physical exercise program which resulted in a decrease in 
preload and an increased thrust duration. However, the thrust duration was attributed 
to familiarity and not the physical exercise program. The physical program included 
push-ups, core stabilisation, and speeder board exercises three times per week for 
eight weeks. Study no. 5 (Owens et al., 2016) was effective in establishing minimum 
force and speed training targets for lumbar spinal manipulations but failed to determine 
normative values for student learning. Study no. 1 (Owens et al., 2017) and 5 (Owens 
et al., 2016) had a study population of less than 20, which weakens the strength of 
evidence and study 11 (Lardon et al., 2019) had a study population of more than 100. 
The studies occurred at different universities, one in the United States and one in 
France, indicating a widespread usage of the device. 
 
Five studies utilised a computer-connected device with a strain gauge as a method to 
assess and improve spinal manipulations. Study no. 4 (Loranger et al., 2016) 
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determined that feedback based on error detection, via the computer-connected 
device, was effective at improving spinal manipulation skills. Study no. 4 (Loranger et 
al., 2016) and 10 (Pasquier et al., 2017) also indicated that the level of expertise plays 
a key role in the performance of spinal manipulations. Study no. 8 (Descarreaux et al., 
2015) used the computer connected combined with task difficulty and indicated an 
increase in variability of spinal manipulation performance with increased task difficulty 
and that the thrust force is traded-off for increased thrust duration to optimise 
performance during challenging tasks. Study no. 8 (Descarreaux et al., 2015) was 
classified as “moderate risk” of bias. Study no. 10 (Pasquier et al., 2017), 12 
(Marchand et al., 2017) and 13 (Lardon et al., 2016) indicated that a short training 
period of between 30 manipulations with feedback on the computer-connected device 
resulted in improved spinal manipulation performance. The short practice period in 
study no. 10 (Pasquier et al., 2017) consisted of thrusts towards a target force. Study 
no. 12 (Marchand et al., 2017) consisted of a constant practice group, only target one 
peak force and variable practice group targeting variable peak forces. Study no. 13 
(Lardon et al., 2016) based their training on variable feedback to determine the effect 
of decency on feedback. All three studies led to increased accuracy and consistency 
regardless of the practice type. The effects were still present at the retention period 
up to one week after the training period. The study population of Study no. 8 
(Descarreaux et al., 2015), included only 16 senior students and qualified 
chiropractors, which weakens the strength of evidence. The other studies' population 
range from 63-113 participants. Study no. 4 (Loranger et al., 2016), 8 (Descarreaux et 
al., 2015) and 12 (Marchand et al., 2017) were all performed at the same institution in 
Quebec (Université du Québec à Trois-Rivières). Study no. 10 (Pasquier et al., 2017) 
and 13 (Lardon et al., 2016) were at different institutions. 
 
Five studies used a Human Analogue Mannequins (HAM) as an augmented device to 
assess and improve spinal manipulation performance. Study no. 2 (Starmer et al., 
2016) indicated that novice chiropractic students did not show a decrease in spinal 
manipulation performance after a 12-week detraining period, but students still lack the 
speed and force of manipulations to imitate the force parameters of chiropractors 
Study no. 3 (Triano et al., 2015) indicated that once-off short 2-hour interval training 
in experienced chiropractors, consisting of technology-assisted coaching with visual 
feedback using a HAM resulted in a reduced error rate by 23% to 45%. Study no. 6 
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indicated that a standardised six-session training program for senior chiropractic 
students consisting of 30-minute sessions (60-100 thrusts) on the HAM, resulted in 
more accurate delivery of two prescribed peak forces. The study only used a study 
population of 16 participants which weakens the credibility of the results and was 
therefore classified as moderate risk of bias. Study no. 7 (Pasquier et al., 2019) 
showed that gender and expertise differences affect spinal manipulation performance. 
Women showed lower time-to-peak force and rate of force and more precise with less 
variability. The effect of expertise shown in this study corroborates with study no. 4 
(Loranger et al., 2016) and 10 (Pasquier et al., 2017). Study no. 14 (Duquette et al., 
2020) indicated that a one-hour FSTT and HAM training period is effective in improving 
cervical spinal manipulations performed by students. However, these improvements 
did not carry over when cervical manipulations were performed onto human subjects. 
Study no. 2 (Starmer et al., 2016), 3 (Triano et al., 2015) and 14 (Duquette et al., 2020) 
were conducted at the Canadian Memorial Chiropractic College, was the HAM was 
invented. The HAM has also been used at Palmer College of Chiropractic in the United 
States and the Institut Franco-Européen de Chiropraxie in France. 
 
One study used a 3D electrogoniometer with an instrumented spatial linkage to better 
understand a patient's subjective experience when being manipulated by 
chiropractors. The results indicated that the motion parameters obtained during 
manipulation were corresponded with cavitation occurrence and were variable 
between different chiropractors. This device was effective in assessing spinal 
manipulations in the cervical spine. The study population was only 20 participants that 
served as patients and five chiropractors, which weakens the strength of evidence. 
Therefore, the study was classified as moderate risk for bias. This study was 
conducted at Université Libre de Bruxelles. 
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Key Results Determination 


















Preload decreased, Peak force increased, thrust rate 
decreased in all target force loads. Average coefficients of 
variability decreased for in the heavy and normal thrusts 
and remained constant in the light thrusts.  
Verbal feedback combined with 
augmented device training (mannequin) 
was effective for improving spinal 
















a follow up 
survey 
 
Wide variation in consistency of peak load.  
Thrust rates uniform.  
Mean peak loads (light): 339 N side posture, 744 N prone. 
Peak loads: ranged from 100 to 1400 N.  
Mean thrust rates: 2.3 to 5 N/ms, average 3 N/ms. 
Clear distinctions between peak load levels.  
Post-study survey: similar manipulation feel 4/6, similar 
compliance 3/6, more rigid 1/6, softer 2/6, adverse effects 
(arm fatigue and soreness) 3/6. 
The study was effective in establishing 
minimum force and speed training 
targets for lumbar spinal manipulation. 




















Thrust Duration: mean at session 1: 125.1 ms (+- 19.3), 
mean at session 2: 126.0 ms (+- 15.7) The mean thrust 
duration increased between the 2 sessions no differences 
between the 2 groups on thrust duration changes (p .94). 
Preload Force Release: mean at session 1: 19.5 N (+-15.9), 
mean at session 2: 13.4 N (+-14.2), decreased between the 
2 sessions, decrease was found for EG, 2 groups on 
preload release changes (p .03). 
Physical exercise program effective for 


















20 minutes)  
 
Biomechanical parameters improved. Significant difference 
in preload force between First-year group compared to the 
other groups. Time-to-peak force decreased, and thrust 
force and rate of force increased with experience. No 
difference in error detection variables between groups (p > 
.05).  
This study confirms expertise are 
related to improved spinal manipulation 
biomechanical parameters and that 
feedback based on error detection 
could be effective for improving spinal 




















Expertise and performance conditions modulated the 
biomechanical parameters of spinal manipulation. 
Decreased thrust duration and increased rate of force in 
experienced clinicians. Decrease in parameters with 
increased task difficulty. 
The performance variability increased 
with task difficulty, participants traded-
off thrust force for thrust duration to 
optimise their performance in 















7 days later  
Pre-load force increased at post-training and retention 
assessments. Drop in pre-load and absolute error 
decreased from baseline to post-training and retention 
assessments. 
Short burst of augmented feedback 
training is effective to improve 
biomechanical forces of a spinal 
manipulation, and expertise has an 
influence on the biomechanical 
















Increase in accuracy and consistency of spinal 
manipulations. Pre-load force increased and rate of force 
decreased from baseline to retention analysis.  
One session of augmented training and 
feedback for chiropractic students led 
to increased accuracy and consistency 














Once off 20 
minutes 
interval  
No group main effect for biomechanical parameters and 
error variables 
Feedback scheduling does not 
influence the motor performance and 
learning of spinal manipulations  















Mean distance from target Peak-force thrust (in 
Newton) for 400 N: pre-test: 44.91 (34.67); post-test: 42.60 
(28.88); P = .5690. Distance from target Peak-force 
thrust for 600 N: pre-test: 124.11 (65.77); post-test: 123.29 
(61.43); P = .8994. Time-to-peak thrust (in milliseconds) 
for the 400 N: pre-test 137.094 (42.47); post-test 125.385 
(37.46); P = .0004. Time-to-peak thrust for the 600 N: pre-
test 136.835 (40.48); post-test 125.385 (33.78); P = .03. 
Percentage distance from total peak force for 400N: pre-
test: 11.23% + 8.67%; post-test: 10.65% + 7.22%. 
Percentage distance from total peak force for 600N: pre-
test: 20.69% + 10.96%; post-test: 20.55% + 10.24%. 
Skills obtained during the course do not 





















Subgroup vs baseline group characteristics: no 
difference was observed.  
Baseline vs pre-test measurements (4-month interval): 
no difference, good consistency in force-time profiles (0.55 
≤ intraclass correlation coefficient ≤ 0.75). Short training 
interval: error rate force delivery reduced by 23% to 45%, 
increased peak force directly related to rate of force and 
stable impulse force. (ICC, 0.75; baseline, 390.7 ± 111.1 N; 
pre-test, 403.6 ± 96.1 N). Within-subject variability vs 
between-subject variability: 1/3 to 1/2. Load increases: 
directly related to rate of loading. 
Experienced chiropractors are internally 
consistent. Focused training may help 
















1, 4- and 8-
weeks post 
training. 
Error from peak force target, expressed as adjusted 
mean constant error (standard deviation): baseline; 107 
N (127), immediately after training; 0.2 N (41) and 8 weeks 
after training; 32 N (53) for the 350 N target, and 63 N 
(148), - 6 N (58), and 9 N (87) for the 550 N target. Student 
median values met thrust duration target, but the doctors’ 
thrusts were > 150 ms immediately after training. 
The standardised six-session training 
program resulted in more accurate 
delivery of two prescribed peak forces, 
but the skills retained show a decrease 
















Significant gender differences for several biomechanical 
parameters. 
Significant gender differences in accuracy and variability. 
Women showed lower time to peak force and rate of force 
and more precise with less variability. 
Students with clinical expertise (fifth-year students) used 
less force and were more precise. 
Gender differences in spinal 
manipulation performance attributed to 
















Improvement in peak force in experimental group on the 
mannequin (p = .003). However, roughly 50% of the force 
used on the mannequin was carried over when 
manipulating a paired human partner (p = .067). 
A one-hour cervical manipulation 
training program improves performance 
on mannequin, but improvement was 
not carried over when manipulating 
human subjects. 
















Most ISE data correlated with kinematics 
Subjective measurement did not always correlate with 
objective counterpart.  
ISE ratings were higher with cavitations. 
Higher practitioner seniority (more years of experience) 
induced feelings of higher speed, amplitude, firmness, and 
precision. 
Better understanding of the patient’s 
subjective experience, could lead to 
increased confidence, improved 
patient-therapist relationship, and it 
may provide further therapeutic 
perspectives for the practitioners.  
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CHAPTER FIVE – DISCUSSION 
5.1 Introduction 
This systematic review aimed to assess the latest literature provided for improving 
spinal manipulation skills of chiropractors and chiropractic students. 
 
5.2 Summary of Literature 
There is a strong body of evidence to show for the use of augmented feedback devices 
in improving spinal manipulation performance. Majority of the studies reviewed utilised 
a computer-connected device and a Human Analogue Mannequin (HAM) with Force 
Sensing Table Technology (FSTT). Moderate evidence exists for the use of a 
mannequin with a Bertec force plate, due to a small sample size used in the studies. 
There is some evidence to support the use of 3D electrogoniometer with an 
instrumented spatial linkage as a spinal manipulation learning device. However, no 
other literature can support the use of this device. 
 
These devices have already been incorporated into several chiropractic universities 
and colleges’ curriculum and have shown to be an effective training aid (Starmer et 
al., 2016; Triano et al., 2015; Loranger et al., 2016; Descarreaux et al., 2015 and 
Marchand et al., 2017). Significant improvements in spinal manipulation performances 
were reported in the literature, such as decreased preload force, increased peak force, 
decreased in thrust rate (time-to-peak force), improved consistency (Owens et al., 
2017; Shannon et al., 2019; Lardon et al., 2019 Marchand et al., 2017; Lardon et al., 
2016 and Duquette et al., 2020) and improved error detection skills (Loranger et al., 
2016). It was also evident that several factors influence the learning of spinal 
manipulations and should be kept into consideration when assessing the performance 
of these skills. The level of expertise was a common variable addressed during the 
studies, indicating that more experienced spinal manipulators performed better than 
the less experienced (Triano et al., 2015; Loranger et al., 2016; Owens et al., 2016; 
Pasquier et al., 2019 and Pasquier et al., 2017). Therefore, it could be beneficial to 
incorporate training devices at an earlier stage of learning. However, more evidence 
in this topic is required.  
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Other factors such as task difficulty (Descarreaux et al., 2015) and gender differences 
(Pasquier et al., 2019) also play a role in spinal manipulation learning, which suggest 
customised programs should be implemented concomitantly with the devices. The 
combination of training programs and augmented devices have indicated that even 
within a short training period of up to two hours, a significant improvement in the 
performance of spinal manipulations has been observed (Triano et al., 2015; Shannon 
et al., 2019; Pasquier et al., 2017; Marchand et al., 2017 and Lardon et al., 2016) 
Similar effects were observed during more extended training periods (Owens et al., 
2017; Starmer et al., 2016 and Lardon et al., 2019).  
 
Uncertainty still exists that have not yet been investigated. These include the effect of 
exercise programs combined with augmented feedback on the thrust duration of a 
manipulation (Lardon et al., 2019), further research is necessary to make a conclusion 
regarding the normative values for an optimal spinal manipulation in chiropractic 
students (Owens et al., 2017) as well as, the translation of these improvements using 
the augmented devices into clinical outcome in real patients. 
 
5.3 Overall Completeness and Applicability of Literature 
This literature review attempts to emphasise the importance of implementing various 
training devices and methods to improve the spinal manipulations performed by 
chiropractors and chiropractic students. The purpose of Cochrane reviews was to 
provide a systematic way to organise and present the available literature relating to 
healthcare interventions to facilitate healthcare decision-making by consumers and 
health practitioners (Higgins & Green, 2011). The strengths of this systematic review 
are that a predetermined search strategy, explicit inclusion and exclusion criteria were 
defined. A total of 14 critically appraised studies qualified for qualitative synthesis. 
Following the methodological quality assessment and risk of bias for all studies, all 
studies were included in the final review. A single reviewer was used to obtain the 
literature, with verification by a second reviewer (supervisor). These studies were 
grouped based on similar simulation devices used in the intervention for comparison. 
The groups included (mannequin on a force platform, computer-connected device, 
HAM and 3D electrogoniometer). The studies underwent an extensive review process 
to identify and highlight key results and were thoroughly assessed for plausible risk of 
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bias, ensure high standard external validity was upheld and that the literature was 
relevant to the aim of this study. The studies identified were sufficient to address all of 
the objectives of the review, and the evidence supports the benefit of using augmented 
feedback devices in spinal manipulation learning. The study population of several of 
the studies reviewed were below twenty participants, which does put the strength of 
the credibility of the results into question. However, the outcomes from other studies 
with larger study populations have corresponding results. The results from this review 
are applicable for all chiropractic institutes, with significant benefits of including these 
devices into the chiropractic curricula.  
 
5.4 Comparison to Previous Reviews 
The last systematic review of literature was done in 2016 by Stainsby et al. (2016) and 
since then, a review of recent literature studies after 2015 has not been done. Updated 
findings of this systematic review ensured that more recent and up to date literature 
was reviewed. The authors identified five training devices used as teaching aids, these 
included; non-instrumented Thrust in Motion cervical (TMC) manikin (Macquarie 
University Centre for Chiropractic, Sydney, Australia), instrumented cardiopulmonary 
reanimation (CPR) manikin, instrumented treatment table embedded with a force 
plate, Dynadjust instrument (Ortho Neuro Technologies, Seattle, and a load cell 
attached to a padded contact. The outcomes of this systematic review studies relate 
to the previous systematic review. However, several new augmented devices have 
since emerged, which have comparable landmarks and compliance similar to real 
patients (Owens et al., 2017). These included: mannequin on a force platform, 
computer-connected device, HAM and 3D electrogoniometer.  
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CHAPTER SIX - CONCLUSION AND RECOMMENDATIONS 
6.1 Conclusion 
Evidence found in the literature support the effectiveness of augmented feedback 
devices, which are seen as an asset for optimal skill development and teaching spinal 
manipulation skills to students. The devices are useful to standardise the forces taught 
and applied during a spinal manipulation and could be used during assessments and 
further research. Practising on these devices are valuable for skill retention and 
reduces the risk of injury to patients because it eliminates patient implications when 
spinal manipulation thrusts are performed repetitively. The evidence does, however, 
not provide a comparison or suggest one device is superior above the others for the 
gold standard of teaching spinal manipulations. However, all the studies did indicate 
an improved outcome regardless of the augmented device used. 
 
For recommendations relating to specific training programs, alternative training 
devices, the use of plyometric and elastic tubing exercises, and the long-term effects 
of these improvements in clinical use, further research is suggested.  
 
The literature suggests that augmented feedback devices, such as human analogue 
mannequins with force sensing table technology, and computer-connected devices 
are beneficial to be included in the chiropractic curricula as effective training devices, 
to facilitate students with learning and to improve their spinal manipulation 
performance.  
 
6.2 Recommendations and Limitations for the Chiropractic Profession 
Further research in augmented feedback device training is recommended, and should 
investigate the long-term role of these learning devices for chiropractic students from 
the start of the course and extended post-graduation, and how these skills transfer to 
clinical real-patient settings.  
 
Limitations in the chiropractic profession are that only a handful of universities have 
implemented these training devices into their curriculum, these are limited to Europe, 
Canada and America. The mannequins have been designed to have a similar feel to 
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real patients, however, they do not have the emotional connection and pain perception 
of real patients. The computer connected devices do not have the real patient 
simulation, which could alter the performance of a spinal manipulation. The studies 
performed were limited to prone thoracic manipulations, with minimal studies including 
lumbar spine and cervical spine manipulations. A lack of evidence exist for the 
normative values for an optimal spinal manipulation in chiropractic students (Owens 
et al., 2017), thus definite target parameters are unspecified.  
 
6.3 Recommendations and Limitations for Future Systematic Reviews 
Further good-quality studies should be performed by the inclusion of a control group, 
a sufficient sample size and a diverse study population. This ensures that a full 
spectrum of spinal manipulation experience, from novice to expert, is included and 
that no valid outcomes are lost due to weak research criteria. A meta-analysis has not 
yet been performed and is recommended to strengthen the evidence for the use of 
augmented feedback devices. Future research with extended search strategy may 
result in expanded results.  
 
The limitations of this systematic review are; only full-text reports and electronically 
published studies were included, a single data extraction and review process was 
followed with verification by a second reviewer (supervisor), only English studies were 
considered, contact with authors was made for full-text articles, but no response was 
received, a limited amount of high-quality studies were available for review, the review 
was limited to the chiropractic profession, which excludes other professions that also 
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APPENDIX A Cochrane Collaboration’s Risk of Bias Tool (Higgins & Green, 2011) 
 
Study    
 




Selection bias “Random sequence generation due to 
inadequate generation of a randomised 
sequence.” 
  
“Allocation concealment: due to 
inadequate concealment of allocations 




“Blinding (participants and personnel) 
due to knowledge of the allocated 
interventions by participants and 
personnel during the study.” 
 
. 
Detection bias “Blinding of outcome assessment due 
to knowledge of the allocated 
interventions by outcome assessors.” 
  
Attrition bias “Incomplete outcome data due to 
amount, nature or handling of 
incomplete outcome data.” 
  
Reporting bias “Selective outcome reporting” 
  
Other bias “Bias not covered elsewhere in the 
table” 
  
The overall risk of bias 
 
 
The study quality is interpreted as follows:  
 
• “yes” in all Domains would place a study at “low risk” of Bias;  
• “no” in any of the Domains would place a study at “high risk” of Bias;  
• “unclear” in any of the domains would place the study at “Unclear” risk of Bias 
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APPENDIX B “Modified Risk of Bias in Non-randomised Studies – of Interventions 
(ROBINS-I) assessment tool” (Sterne et al., 2019) 
 
Study Number: _________________________________________________ 
Study Citation: _________________________________________________ 
 


















“1.1. Is there potential for confounding of the effect 
of the intervention in this study?” 
 
 
“1.2. Was the analysis based on splitting 
participants’ follow up time according to the 
intervention received?” 
  
“1.3. Were intervention discontinuations or switches 


















“1.5. If Y to 1.4: Were the confounding domains 
reliable and valid for the variables available in this 
study?” 
 
“1.6. Were post-intervention variables controlled 





















  “1.7. Did the authors use an appropriate analysis 
method that controlled for all the important 




“1.8. If Y/PY to 1.7: Were confounding domains that 
were controlled for measured validly and reliably by 











“2.1. Was the selection of participants into the study 
(or into the analysis) based on participant 
characteristics observed after the start of 
intervention? 
If N/PN to 2.1: go to 2.4.” 
 
 
“2.2. If Y/PY to 2.1: Were the post-intervention 
variables that influenced selection likely to be 
associated with the intervention?” 
  
“2.3 If Y/PY to 2.2: Were the post-intervention 
variables that influenced selection likely to be 
influenced by the outcome or a cause of the 
outcome?” 
  
“2.4. Do the start of follow-up and the start of 
intervention coincide for most participants?” 
 
“2.5. If Y/PY to 2.2 and 2.3, or N/PN to 2.4: Were 
adjustment techniques used that are likely to 
correct for the presence of selection biases?” 
  




“3.2 Was the information used to define intervention 
groups recorded at the start of the intervention?” 
  
“3.3 Could classification of intervention status have 
been affected by knowledge of the outcome or risk 































“4.1. Were there deviations from the intended 




“4.2. If Y/PY to 4.1: Were these deviations from 
intended intervention unbalanced between groups 





















“5.2 Were participants excluded due to missing 





















“6.1 Could the outcome measure have been 




“6.2 Were outcome assessors aware of the 
intervention received by study participants?” 
 
“6.3 Were the methods of outcome assessment 
comparable across intervention groups?” 
 
“6.4 Were any systematic errors in the 

























 “Is the reported effect estimate likely to be selected, 
on the basis of the results, from...” 
    




“7.2 ... multiple analyses of the intervention-
outcome relationship?” 
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LP 
Year: 2019 
Excluded Topic not 
relevant 
Google scholar 
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Year: 2015 
Excluded Topic not 
relevant 
PubMed  
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Year: 2020 
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APPENDIX D Modified “JBI Critical Appraisal Checklist for Randomised 
Controlled Trials” (JBI, 2019) 
 
Study Number: ____________________________________________________ 
Study Citation: _____________________________________________________ 
Overall appraisal:  Include  □ Exclude □ Seek further info □ 
Comments (Including reason for exclusion)  
             
            
             
 YES NO UNCLEAR N/A 
Was true randomisation used for assignment of participants to 
treatment groups? 
□ □ □ □ 
Was allocation to treatment groups concealed? □ □ □ □ 
Were treatment groups similar at the baseline? □ □ □ □ 
Were participants blind to treatment assignment? □ □ □ □ 
Were those delivering treatment blind to treatment assignment?  □ □ □ □ 
Were outcomes assessors blind to treatment assignment? □ □ □ □ 
Were treatments groups treated identically other than the 
intervention of interest? 
□ □ □ □ 
Was follow-up complete, and if not, were strategies to address 
incomplete follow-up utilised? 
□ □ □ □ 
Were participants analysed in the groups to which they were 
randomised? 
□ □ □ □ 
Were outcomes measured in the same way for treatment groups? □ □ □ □ 
Were outcomes measured in a reliable way? □ □ □ □ 
Was appropriate statistical analysis used? □ □ □ □ 
Was the trial design appropriate, and any deviations from the 
standard RCT design (individual randomisation, parallel groups) 
accounted for in the conduct and analysis of the trial?  
□ □ □ □ 
 199 
APPENDIX E “JBI Critical Appraisal Checklist for Quasi-Experimental Studies 
(non-randomised experimental studies)” (JBI, 2019) 
 
 
Study Number: ______________________________________________________ 
Study Citation: ______________________________________________________ 
 
 Yes No Unclear Not 
applicable 
1. Is it clear in the study what is the cause’ and what is the 
“effect” (i.e. there is no confusion about which variable 
comes first)? 
□ □ □ □ 
2. Were the participants included in any comparisons 
similar?  □ □ □ □ 
3. Were the participants included in any comparisons 
receiving similar treatment/care, other than the exposure 
or intervention of interest? □ □ □ □ 
4. Was there a control group? □ □ □ □ 
5. Were there multiple measurements of the outcome both 
pre and post the intervention/exposure? □ □ □ □ 
6. Was follow up complete and if not, were differences 
between groups in terms of their follow up adequately 
described and analysed? □ □ □ □ 
7. Were the outcomes of participants included in any 
comparisons measured in the same way?  □ □ □ □ 
8. Were outcomes measured in a reliable way? □ □ □ □ 
9. Was appropriate statistical analysis used? □ □ □ □ 
  
 200 
APPENDIX F Data extraction form adapted from the Cochrane Collaboration 
(Higgins & Green, 2011) 
 
Study Number 1: Owens et al. (2017) 
Title  
“Changes in adjustment force, speed, and direction factors in 
chiropractic students after 10 weeks undergoing standard 
technique training” 
Authors 
Owens EF, Russell BS, Hosek RS, Sullivan SGB, Dever LL 
and Mullin L. 
Year 2017 
Publication type 
(e.g. full report, 
abstract, letter) 
Full Report 
Study Aim Efficacy 
Study design Cohort study 
Ethical approval 
(Yes, no, unclear) 
Yes 




Chiropractic students at the end of the “Full Spine 2 technique 
course” (n=16). Life University 
Inclusion criteria 
Experience level: limited manipulation experience and 
untrained in force-feedback. 
Exclusion criteria Participants with incomplete data set 
Informed consent 



















Measuring device: mannequin on a treatment table with a 
force platform embedded.  
Procedure: 3 light, 3 normal, and 3 heavy manipulations 
performed on 5 listings with a specified contact point, hand 
position, and direction of thrust.  
Manipulation: prone manipulations.  
Assessment: initial and final. 
Intervention: 9-10-week standard technique training.” 
Follow-up period Two recording sessions 9 to 10 weeks apart 
Comparison 
Initial and final assessments of heavy, normal and light thrusts 
after 10-week standard technique training. 
Outcome  
To assess the force profiles of high-velocity low-amplitude 
thrusts delivered to a mannequin on a force platform by novice 
students given only verbal instructions. 
Key Results 
Preload (Initial Assessment/Final Assessment) heavy: 57N 
(35)/33 N (51). normal: 33N (57)/45N (33). light: 51N (33)/35N 
(45).  
Peak force (Initial Assessment/Final Assessment) 
heavy:425N (178)/ 458N (191). normal: 314N (107)/ 327N 
(106). light: 220N (79)/221N (89).  
Thrust rate in N/ms: heavy: 3.0(1.7) /3.2(1.7). normal: 
2.0(0.9)/2.1(1.0). light: 1.3 (0.6)/1.4 (0.8).  
Average coefficients of variability; (CV = SD/mean) 
(initial/final) heavy: 17%/15%; normal: 16%/15%; light: 
20%/20%, with 0 as ideal. Force ratio (ability to distinguish 
thrust magnitude.) heavy/normal ratio (initial/final): 1.35/1.39, 
and the light/normal ratio: 0.70/0.67.” 
 
Study Number 2: Starmer et al. (2016) 
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Title  
“Changes in manipulative peak force modulation and time to 
peak thrust among first-year chiropractic students following a 
12-week detraining period” 
Authors Starmer DJ, Guist BP, Tuff TR, Warren SC, Williams MG 
Year 2016 
Publication type 
(e.g. full report, 
abstract, letter) 
Full Report 
Study Aim Efficacy 
Study design Cohort study 
Ethical approval 
(Yes, no, unclear) 
Yes 




First-year chiropractic students, near end of their first year at 
CMCC (n=125) Canadian Memorial Chiropractic College 
Inclusion criteria 
Chiropractic student, near end of first year, available for follow-
up data collection 
Exclusion criteria 
Incomplete “measurement, incomplete data set, personal 
injuries that would make the execution of these procedures 
unsafe” 
Informed consent 



















Measuring device: “HAM and FSTT 
Procedure: 2 peak-force targeted thrusts of 400N and 600N.  
Manipulation: posterior to anterior thrust to T9 
Assessment: initial and final 
Intervention: 12-week detraining period” 
Follow-up period 12 Weeks 
Comparison 
Pre- and post-measurements of manipulations with two 
different total peak forces after a 12-week detraining period. 
Outcome  
To analyse differences in peak force modulation and time-to-
peak thrust in posterior-to-anterior (PA) high-velocity-low-
amplitude (HVLA) manipulations in first-year chiropractic 
students prior to and following a 12-week detraining period. 
Key Results 
Mean distance from target Peak-force thrust (in Newton) 
for 400 N: pre-test: 44.91 (34.67); Post-test: 42.60 (28.88); P = 
.5690. Distance from target Peak-force thrust for 600 N: 
pre-test: 124.11 (65.77); post-test: 123.29 (61.43); P = .8994. 
Time-to-peak thrust (in milliseconds) for the 400 N: pre-test 
137.094 (42.47); post-test 125.385 (37.46); P = .0004. Time-to-
peak thrust for the 600 N: pre-test 136.835 (40.48); post-test 
125.385 (33.78); P = .03. Percentage distance from total 
peak force for 400N: pre-test: 11.23% + 8.67%; post-test: 
10.65% + 7.22%. Percentage distance from total peak force 




Study Number 3: Triano et al. (2015)  
Title  
“Consistency and malleability of manipulation performance in 
experienced clinicians: a pre-post experimental design” 
Authors 
Triano JJ, Giuliano D, Kanga I, Starmer D, Brazeau J, Screaton 




(e.g. full report, 
abstract, letter) 
Full Report 
Study Aim Efficacy 
Study design Cohort study 
Ethical approval 
(Yes, no, unclear) 
Yes 




Chiropractors with minimum 5 years of clinical experience 
(n=41) Canadian Memorial Chiropractic College 
Inclusion criteria 
Minimum of 5 
years of active clinical practice experience 
Exclusion criteria 
Prior training with technology-assisted devices, current injuries 
that would interfere in delivery of their typical treatment 
procedures.” 
Informed consent 


















Measuring device: “HAM and FSTT 
Procedure: typical force, half-typical and double-typical force 
with 2-hour training session using technology-assisted coaching 
with visual feedback.  
Manipulation: 1 of 3 standard manoeuvres: bilateral 
hypothenar, bilateral thenar, or cross-bilateral to T9 
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Assessment: baseline, 4-months later a pre-post-test 
assessment 
Intervention: 2-hour training session.” 
Follow-up period 
Baseline, 4 months later pre-post-test measurements with 2-
hour training session. 
Comparison 
Baseline, pre-post measurements with 2-hour training session 
on custom foam human analogue mannequin (HAM) with 
technology-assisted coaching and visual feedback. 
Outcome  
To sample the stability of spinal manipulation performance 
in“peak impulse force development over time and the ability of 




Subgroup vs baseline group characteristics: no difference 
was observed. Baseline vs pre-test measurements (4 month 
interval): no difference, good consistency in force-time profiles 
(0.55 ≤ intraclass correlation coefficient ≤ 0.75). Short training 
interval: error rate force delivery reduced by 23% to 45%, 
increased peak force directly related to rate of force and stable 
impulse force. (ICC, 0.75; baseline, 390.7 ± 111.1 N; pre-test, 
403.6 ± 96.1 N). Within-subject variability vs between-
subject variability: 1/3 to 1/2. Load increases: directly related 
to rate of loading.” 
 
Study Number 4: Loranger et al. (2016) 
Title  
“Correlation of expertise with error detection skills of force 
application during spinal manipulation learning” 
Authors 





(e.g. full report, 
abstract, letter) 
Full Report 
Study Aim Efficacy 
Study design Cohort study 
Ethical approval 
(Yes, no, unclear) 
Yes 




Group 1: “First-year Chiropractic students (n=15) Group 2: 
Fourth-year Chiropractic students (n=17) Group 3: Fifth 
Chiropractic students (n=15) Group 4: chiropractors ranging 
from 2 to 44 years’ experience (n=16).  
Total (n=63)  
Université du Québec à Trois-Rivières 
Inclusion criteria 
Chiropractic students in their 1st year, 3rd year, 4th year and 
5th year. Chiropractors with a minimum of 2 years of clinical 
experience 
Exclusion criteria Not specified 
Informed consent 



















Measuring device: computer-connected device with strain 
gauge  
Procedure: familiarization period of 15 practice thrusts with a 
target maximum peak force of 300 N and feedback.  
Final measurements of 10 thrusts, 300 N target peak force, no 
feedback provided, participants were asked to estimate their 
maximal peak force after each manipulation.  
Manipulation: prone unilateral hypothenar transverse push 
manipulation, posterior-to-anterior force vector. 
Assessment: once-off data-recording session to determine 
expertise effect on error detection skill. 
Intervention: aim for Target peak force 300N 
Follow-up period 
Once-off measurements with a brief training period (15–20 
minutes)  
Comparison 
Evaluate if biomechanical parameters of HVLA simulation 
improve with the level of expertise and assess if error detection 
capability during HVLA simulation force application improves 
with expertise. 
Outcome  
To evaluate if expertise is associated with increased spinal 
manipulation proficiency and if error detection skills of force 
application during a high-velocity low-amplitude spinal 
manipulation are related to expertise. 
Key Results 
Preload forces: significant difference was observed between 
1st year students and the 3 other groups (4th and 5th year and 
experts). Time-to-peak force: significantly decreased with 
experience significant differences observed between each 
group except the 4th- and 5th-year students. Thrust force: 
significantly increased from the 1st- to the 5th-year students 
with values similar to the experts observed in the 4th and 5th 
year. Rate of force application: significantly increased with 
experience. Error detection variables:  
no significant difference was found between groups (p > .05). 
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Study Number 5: Owens et al. (2016)  
Title  
“Establishing force and speed training targets for lumbar spine 
high-velocity, low-amplitude chiropractic adjustments” 
Authors 




(e.g. full report, 
abstract, letter) 
Full Report 
Study Aim Efficacy 
Study design Cohort study 
Ethical approval 
(Yes, no, unclear) 
Yes 




Chiropractic faculty members (n=11) Life University 
Inclusion criteria 
Classroom and lab teaching faculty members for the full spine 
adjusting class. 
Exclusion criteria No consent 
Informed consent 



















Measuring device: mannequin with a force plate embedded in 
treatment table. Procedure: 3 thrusts performed for each listing 
at 3 different load levels: light, normal, and heavy. 
Manipulation: Gonstead chiropractic manipulation technique 9 
listings provided for prone and side posture manipulations at a 
predetermined location and along a specific vector. 
Assessment: initial and follow-up assessment (survey)  
Intervention: once-off data-recording session to determine 
thrust kinematics of expert models 
Follow-up period 
Once-off measurements (30-minute data-recording session) 
and a follow up survey 
Comparison 
Biomechanical parameters of a manipulation of light, normal 
and heavy manipulations to establish training targets for lumbar 
spine manipulations.  
Outcome  
To define the learning target loads and speeds, with instructors 
as expert models. 
Key Results 
Consistency: wide variations between chiropractor's 
manipulation parameters. Mean peak loads (light): 339 N side 
posture, 744 N for prone. Peak loads: ranged from 100 to 1400 
N. Mean thrust rates: 2.3 to 5 N/ms were more uniform across 
doctors, averaging 3 N/ms. All doctors showed clear 
distinctions between peak load levels, but there was overlap 
between high and low loads.  
Post-study survey mannequin vs human: similar 
manipulation = 4/6, similar compliance = 3/6 , more rigid = 1/6, 
softer = 2/6, adverse effects (arm fatigue and soreness)=3/6 
 
 
Study Number 6: Shannon et al. (2019) 
Title  
“High-velocity, low-amplitude spinal manipulation training of 
prescribed forces and thrust duration: A pilot study” 




(e.g. full report, 
abstract, letter) 
Full Report 
Study Aim Efficacy 
Study design Pilot Cohort study 
Ethical approval 
(Yes, no, unclear) 
Yes 




Chiropractic faculty members and chiropractic students in the 
7th or 8th trimester of a 10-trimester professional program 
(n=16) Palmer College of Chiropractic 
Inclusion criteria 
College faculty and staff who hold a Doctor of Chiropractic (DC) 
degree and students in the 7th or 8th trimester of a 10-trimester 
professional program at the time of recruitment. This student 
population was chosen to ensure availability for follow-up at 8 
weeks after training 
Exclusion criteria 
Prior training in delivering specified forces while performing 
thoracic HVLA-SM, a past or present injury that prevents 
delivering an HVLA-SM thrust, or a plan to move from the local 
area in the following 3 months. 
Informed consent 




















Study Number 7: Pasquier et al. (2019) 
Title 
“Learning spinal manipulation: gender and expertise differences 
in biomechanical parameters, accuracy, and variability*” 
Intervention 
Measuring device: HAM and FSTT 
Procedure: familiarization period with practice thrusts of 5 of a 
typical manipulation with no prespecified force target and verbal 
feedback, 10 consecutive thrusts at a target duration of 150 ms 
for 350 N and 550 N target force, no feedback.  
Manipulation: bilateral thenar contact on T4  
Assessment: baseline, immediate post training; 1, 4 and 8 
weeks post training. 
Intervention: 4-week, six 30-minute sessions with as many 
blocks of 10 thrusts as possible (60-100 thrusts), with variable 
force and time targets. 
Follow-up period 
Baseline, immediate post training; 1, 4- and 8-weeks post 
training. 
Comparison 
Biomechanical parameters of baseline manipulations 
assessment compared to post training assessment. 
Outcome  
To assess the effect of a standardised spinal manipulation 
training program, which consisted of prescribed forces and 
thrust durations, and to describe the retention of these skills 
one, four and eight weeks after training. 
Key Results 
Error from peak force target, expressed as adjusted mean 
constant error (standard deviation): baseline; 107 N (127), 
immediately after training; 0.2 N (41) and 8 weeks after training; 
32 N (53) for the 350 N target, and 63 N (148), - 6 N (58), and 9 
N (87) for the 550 N target. Student median values met thrust 








(e.g. full report, 
abstract, letter) 
Full Report 
Study Aim Efficacy 
Study design Pilot Cohort study 
Ethical approval 
(Yes, no, unclear) 
Yes 




4th (n=64) and 5th year (n=73) chiropractic student from two 
institutes (n=137) Institut Franco-Européen de Chiropraxie 
Inclusion criteria Completion of chiropractic technique training 
Exclusion criteria 
Pain or disability that would limit the capacity to perform spinal 
manipulations 
Informed consent 



















Measuring device: HAM and FSTT 
Procedure: familiarization period of 3 manipulations with a 
target peak force of 450 N and verbal and visual feedback. 5 
manipulations with the same target peak force, but no feedback 
provided. Manipulation: double thenar push technique 
posterior-to-anterior 
Assessment: once-off data-recording session to determine 
gender and expertise effect on performance 
Follow-up period Once off experimental session no follow ups 
Comparison Biomechanical parameters: Expertise Effects, Gender Effects 
Outcome 
To investigate gender differences and expertise effects on 
biomechanical parameters, as well as force accuracy and 
variability for students learning spinal manipulation. 
Key Results 
Analyses showed significant gender differences for several 
biomechanical parameters, as well as significant gender 
differences in accuracy and variability. Although women 
showed lower time to peak force and rate of force values, they 
were more precise and showed less variability than men when 
performing thoracic spine manipulations. Students with clinical 
expertise (fifth-year students) used less force and were more 
precise. 
 
Study Number 8: Descarreaux et al. (2015) 
Title  
“Learning spinal manipulation: the effect of expertise on 
transfer capability” 
Authors 




(e.g. full report, 
abstract, letter) 
Full Report 
Study Aim Efficacy 
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Study design Cohort study 
Ethical approval 
(Yes, no, unclear) 
Yes 




Fifth-year (16,), sixth-year students (n=17) and experienced 
chiropractors with clinical post-graduation experience ranging 
from 2 to 26 years of clinical practice (n=16). Université du 
Québec à Trois-Rivières 
 
Inclusion criteria Chiropractic students and experienced chiropractors  
Exclusion criteria Not specified 
Informed consent 


















Measuring device: computer-connected device. 
Procedure: 3 sets of 10 consecutive thrusts onto device. Set 
1: preferred table height, set 2: 15cm higher table, set 3: 
unstable surface (standing on a rocking board.  
Manipulation: prone unilateral hypothenar transverse push 
Assessment: once-off data-recording session to determine 
effect of expertise on transfer capabilities 
Follow-up period brief (15 minutes) experimental session 
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Comparison 
Biomechanics of a thoracic spinal manipulation on a preferred 
table height setting, on a high table setting (15 cm higher) and 
while standing on an unstable surface (rocking board). 
Outcome  
To determine whether expertise in spinal manipulation therapy, 
assessed in experienced chiropractors and chiropractic 
students, was associated with increased transfer capabilities 
Key Results 
Results indicated that both expertise and performance 
conditions modulated the biomechanical parameters of 
spinal manipulation. Decreased thrust duration and increased 
rate of force application were observed in experienced 
clinicians, whereas thrust force and thrust rate of force 
application were significantly decreased when task difficulty 
was increased. Increasing task difficulty also led to significant 
increases in performance variability. 
 
Study Number 9: Van Geyt et al. (2017) 
Title  
“Relationship between subjective experience of individuals, 
practitioner seniority, cavitation occurrence, and 3-dimensional 
kinematics during cervical spine manipulation” 
Authors Van Geyt B, Dugailly PMA, De Page L and Feipel V. 
Year 2017 
Publication type 
(e.g. full report, 
abstract, letter) 
Full Report 
Study Aim Efficacy 
Study design Cohort study 
Ethical approval 
(Yes, no, unclear) 
Yes 




Asymptomatic subjects (n=20) and chiropractors (1-20 years of 
practice) (n=4) Université Libre de Bruxelles 
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Inclusion criteria Asymptomatic patient, Qualified chiropractors 
Exclusion criteria 
Red flags against cervical manipulation; history of pain- or 
whiplash-associated disorders; signs of radiculopathy; history of 
fracture of the cervical or upper thoracic spine; age <18 years 
Informed consent 


















Measuring device: 3D electrogoniometer with an instrumented 
spatial linkage.  
Procedure: practitioners with different seniority performed a 
cervical manipulation on 20 asymptomatic volunteers. 
Cavitation indicated the end of the measurement, a maximum of 
4 attempts per practitioner. 
Manipulation: cervical manipulative technique left and right C3 
and C5 seated upright 
Qualitative Assessment (ISE data): innovative questionnaire 
addressing the characteristics of a manipulation.  
Intervention once-off data-recording session to assess 
kinematics and determine subjective experience (ISE) of 
cervical manipulation 
Follow-up period Once off experimental session no follow ups 
Comparison 
Qualitative: Participants perspective on speed, range of motion, 
relaxation, handling of manipulation. Kinematics of head-trunk 
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3-dimensional motion during manipulation was recorded 
(sampling rate 100 Hz) 
 
Maximal range of motion (ROM), peak velocity, and 
acceleration in each anatomical plane obtained. Experiences of 
manipulation in terms of tactile sensations, relaxation, 
perception of the task, and therapist handling were obtained  
Outcome  
To investigate individual subjective experience (ISE) of cervical 
manipulation recipients and to determine the impact of 
cavitation occurrence, and practitioner seniority on an 
individual’s subjective experience. 
Key Results 
Motion parameters obtained during manipulation were found to 
be influenced by cavitation occurrence and differences between 
practitioners. Data analysis indicated that ISE could be grouped 
into 2 factors. The first revolved around grip firmness and range 
and speed of practitioner’s gesture. The second factor 
represented patient’s relaxation and the precision of handling. 
Also, most ISE data correlated with kinematics, although a 
subjective measurement did not always correlate the highest 
with its objective counterpart. When cavitation occurred, ISE 
ratings were higher, suggesting that participants may associate 
cavitation with the success of manipulations. Higher practitioner 
seniority (more years of experience) induced feelings of higher 
speed, amplitude, firmness, and precision. 
 
Study Number 10: Pasquier et al. (2017) 
Title  
“The Effect of Augmented Feedback and Expertise on Spinal 
Manipulation Skills: An Experimental Study.” 
Authors Pasquier M, Cheron C, Dugas C, Lardon A, Descarreaux M. 
Year 2017 
Publication type 




Study Aim Efficacy 
Study design Cohort study 
Ethical approval 
(Yes, no, unclear) 
Yes 




First-year chiropractic students (n=35), third-year chiropractic 
students (n=36), and fifth-year chiropractic students (n=32) 
(n=103) Institut Franco-Européen de Chiropraxie 
Inclusion criteria Chiropractic student in their first-, third-, and fifth-year of study 
Exclusion criteria Not specified 
Informed consent 



















Measuring device: computer-connected device.  
Procedure: familiarisation period of 3 thrusts to target 300 N 
peak force, baseline 10 thrusts, with no feedback  
Manipulation: unilateral hypothenar transverse push technique 
with a posterior-to-anterior force vector 
Assessment: initial, final assessment and 7-day retention 
period,  
Intervention: training period, 30 thrusts with both verbal and 




Baseline measurements and training measurements and post 
training measurements obtained on the same day 7 days after 
retention measurements obtained  
Comparison 
Three assessment blocks (baseline, post-training, and retention) 
were analysed to determine for each trial the maximum preload 
force, onset of thrust, thrust duration, force, and peak force. 
Outcome  
To investigate the combined effect of augmented feedback and 
expertise on the performance and retention of basic motor 
learning spinal manipulation skills.  
Key Results 
Pre-load increased at post-training and retention assessments. 
Drop in pre-load and absolute error decreased from baseline to 
post-training and retention assessments. 
 
Study Number 11: Lardon et al. (2019) 
Title  
“Effects of an 8-week physical exercise program on spinal 
manipulation biomechanical parameters in a group of 1st-year 
chiropractic students.” 
Authors 




(e.g. full report, 
abstract, letter) 
Full Report 
Study Aim Efficacy 
Study design RCT 
Ethical approval 
(Yes, no, unclear) 
Yes 




First-year chiropractic students (n=113) Institut Franco-
Européen de Chiropraxie 




Limiting their capacity to perform SMs 
Informed consent 



















Measuring device: manikin placed on a force-sensing table  
Group 1: exercise group (EG)  
Group 2: control group (CG) (no training) for campus B.  
Procedure: familiarization phase, with 2 1 hour experimental 
feedback sessions based on preload force release (N) and time 
to peak force (ms). 10 recorded trials per session, 5 thrust 
manipulations performed without target force and without 
feedback.  
Manipulation: double thenar technique posterior-to-anterior 
thoracic. 
Assessments: initial and final assessments. 
Intervention: exercises included: push-ups, core stabilization, 
and speeder board exercises 3 times per week for an 8-week 
period 
Control: did not receive any particular instruction in addition to 
the normal school activities. 
Follow-up period 8-week period. 
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Comparison 
Exercise group vs non exercise group. Mean Values (SD) and 
Range of Preload Force Release of the first session compared 
to the second session 
Outcome  
To determine the impact of an 8-week physical exercise 
program on the performance of spinal manipulations in first-year 
chiropractic students. 
Key Results 
Thrust Duration: mean at session 1: 125.1 ms (+- 19.3), mean 
at session 2: 126.0 ms (+- 15.7) The mean thrust duration 
increased between the 2 sessions no differences between the 2 
groups on thrust duration changes (p .94). 
Preload Force Release: mean at session 1: 19.5 N (+-15.9), 
mean at session 2: 13.4 N (+-14.2), decreased between the 2 
sessions, decrease was found for EG, 2 groups on preload 
release changes (p .03). 
 
Study Number 12: Marchand et al. (2017) 
Title  “Effects of practice variability on spinal manipulation learning.” 
Authors Marchand AA, Mendoza L, Dugas C, Descarreaux M, Pagé I. 
Year 2017 
Publication type 
(e.g. full report, 
abstract, letter) 
Full Report 
Study Aim Efficacy 
Study design RCT 
Ethical approval 
(Yes, no, unclear) 
Yes 




Fourth- and Fifth-year chiropractic students (n=40) Université 
du Québec à Trois-Rivières 
Inclusion criteria Available for 2 assessment sessions at 48-hours’ interval, 
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Exclusion criteria 
Previous injury limiting their capacity, intent to perform an 
unusual 
number of spinal manipulations between sessions, 
Informed consent 


















Measuring device: computer-connected device.  
Group 1: constant practice group 
Group 2: variable practice group 
Procedure: familiarisation 
period of 10 manipulations with a target peak force of 350-N 
with verbal feedback after each thrust. Baseline: 10 
manipulations target 350-N peak force no feedback.  
Manipulation: unilateral hypothenar transverse push 
technique. 
Assessment: initial, final and retention (2 days later). 
Intervention (constant): 45 thrusts at 350 N Intervention 
(variable): 45 thrusts randomly varied at 300 N, 350 N, and 400 
N.  
 
Follow-up period 48-hours’ interval 
Comparison 
Control group: constant target peak force of 350 N. 
Intervention group: randomly varied between 300 N, 350 N, and 
400 N peak force. 
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Outcome  
To determine if practice variability affected chiropractic 
students' ability to deliver spinal manipulations accurately and 
consistently for a targeted peak force. 
Key Results 
Effects of Practice Type on SM Performance: “the practice 
period led to significantly more accurate (FAE[2,76] = 6.17, p < 
.01) and consistent (FVE[2,76] = 3.90, p = .02) performances at 
the postintervention assessment regardless of practice type. 
Biomechanical parameters: preload force was higher at the 
retention assessment than at baseline (F[2,76] = 6.53, p < .01), 
while rate of force application significantly decreased between 
the baseline and the retention assessment (F[2,76] = 4.10, p = 
.02).” 
 
Study Number 13: Lardon et al. (2016)  
Title  
“Systematic Augmented Feedback and Dependency in Spinal 
Manipulation Learning: a Randomised Comparative Study.” 
Authors Lardon A, Cheron C, Pagé I, Dugas C, Descarreaux M. 
Year 2016 
Publication type 
(e.g. full report, 
abstract, letter) 
Full Report 
Study Aim Efficacy 
Study design RCT 
Ethical approval 
(Yes, no, unclear) 
Yes 




Fourth- and fifth-year chiropractic students enrolled in a 5-year 
chiropractic program (n=40) 
Inclusion criteria Fourth- and fifth-year chiropractic students 
Exclusion criteria Not specified 
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Informed consent 


















Measuring device: computer-connected device.  
Group 1: control group (100% feedback) 
Group 2: experimental group (reduced feedback) Procedure: 
familiarization period: 3 trials with target peak force of 300-N 
verbal and visual feedback. Baseline: 10 thrusts with target 
peak force of 300-N and no feedback. Manipulation: unilateral 
hypothenar transverse push technique with a posterior to 
anterior force vector. 
Intervention: practice session: 3 blocks of 10 thrusts; block 1: 
100%, block 2: 50 %, Block 3: 20 % visual feedback. Control: 
100% feedback  
Assessment: once-off data-recording session to determine 
feedback dependency. 
Follow-up period Once off 20 minutes interval  
Comparison 
Control group 100% feedback Experimental group (reduced 
feedback).  
Outcome  
To determine whether short spinal manipulation training 
sessions with systematic augmented feedback creates a 
dependency, compared to short training sessions characterised 
by the progressive withdrawal of augmented feedback. 
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Key Results 
No group main effect was found on biomechanical parameters 
and error variables. A main effect of learning for the absolute 
error was observed, suggesting that short sessions of feedback 
training improve participants’ accuracy 
 
Study Number 14: Duquette et al. (2020) 
Title  
“A pilot study to determine the consistency of peak forces 
during cervical spine manipulation utilising mannequins” 
Authors Duquette S. A., Starmer D.J., Plener J.B. and Giuliano D. A. 
Year 2020 
Publication type (e.g. 
full report, abstract, 
letter) 
Full Report 
Study Aim Efficacy 
Study design RCT 
Ethical approval 
(Yes, no, unclear) 
Yes 




Fourth-year chiropractic students (n=90) 
Canadian Memorial Chiropractic College 
Inclusion criteria 
Fourth-year of their chiropractic college training who were 
comfortable with delivering cervical SM 
Exclusion criteria 
Medical conditions that prevented them 
from either delivering or receiving cervical SM or prior 
experience using FSTT and HAM for cervical SM 
Informed consent 















in statistical analysis 
76 
Intervention 
Measuring device: FSTT and HAM  
Procedure: 60-minute educational session cervical 
manipulations on mannequins target peak force of 100 N total, 
with objective feedback through force-sensing table 
technology. 
Group 1: intervention group.  
Group 2: control group.  
Manipulation: lateral cervical manipulation.  
Assessments: initial and final assessments on mannequin 
and a paired student partner: 4 lateral cervical thrusts target 
force of 100 N. 
It consisted of 2 mannequin manipulations, one for each 
hand, and 2 patient manipulations, one for each hand, no 
feedback 
Intervention: 1-hour training session focusing on lateral 
cervical manipulations exclusively on the mannequins. With 
objective feedback 
Control - regular technique class with subjective feedback. 
 
Follow-up period 
Control group: regular curriculum training Experimental group: 
HAM training  
Comparison 
Control group: regular curriculum training Experimental group: 
HAM training  
Outcome  
Effectiveness of a 2-hour instructional strategy utilising Force 
Sensing Table Technology and HAM ability of students to 
achieve a targeted peak force in cervical SM. 
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Key Results 
Ninety students were recruited. The invention group (46) 
scored significantly better at the outcome compared to the 
control group ( 44) when manipulating the mannequin (p = 
.003). These improvements did not carry over when 
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